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Despite great efforts to ensure the correctness, reliability and precision of technical and non-technical
descriptions, the VDE SPEC project group can neither explicitly nor implicitly guarantee the correct-
ness of the document. This document is used in the knowledge that the VDE SPEC project group can-
not be made liable for damage or loss of any kind. The application of the present VDE SPEC does not
release the user from responsibility for their own actions and is therefore at their own risk.

In the course of the manufacture and / or introduction of products into the European internal market,
the manufacturer shall carry out a risk analysis in order to first determine which risks the product may
entail. After performing the risk analysis, he evaluates these risks and, if necessary, takes suitable
measures to effectively eliminate or minimize the risks (risk assessment). The present VDE SPEC
does not release the user from this responsibility.

Links to third-party websites do not constitute an approval of their content on the part of VDE. VDE is
not responsible for the availability or the content of these websites. The establishment of a link to
these websites is at the user's own risk.

Attention is drawn to the possibility that some elements of this document may affect patent rights.
VDE, DKE, and DIN are not responsible for identifying any or all of the related patent rights.
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Executive Summary

Photovoltaics is a rapidly growing source for renewable electricity production worldwide. Solar mod-
ules are the central component for the direct generation of electrical energy from natural sunlight
through the photovoltaic (PV) effect and a central component of solar PV systems.

Solar modules are manufactured as a mass product and are typically purchased in large quantities. In
module supply contracts, requirements for the solar modules' quality are usually agreed, which are
summarized in this specification.

As a generic text, this SMQS (Solar Module Quality Standard) series of specifications represents a
way of simplifying the purchasing process: Requirements are described in general terms and a selec-
tion option for specifying the technical conditions to be agreed upon in the purchasing contract is de-
fined. During contract negotiations the customer and seller/manufacturer can easily define the in-
tended level.

Although the authors have made every effort to ensure that this specification is free of errors and in-
consistencies, no guarantee can be given that this guide is absolutely free of errors. The same applies
to the completeness of the topics listed.

Part 1 of this series of specifications provides definitions and technical requirements for the documen-
tation and the production site and certain further requirements.

Part 2 of this series provides details for measurement and testing procedures.
Part 3 of this series provides a framework for production monitoring requirements.

The three parts contain checklists that can be agreed upon during module supply/purchasing negotia-
tions.
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Introduction

Photovoltaic solar energy is a rapidly growing segment in electrical power supply worldwide. There are
great opportunities for a further renewable expansion of this infrastructure in grid feed-in. In the seg-
ment of utility scale PV power plants addressed within this specification ground mounted PV systems
have a major and rapid impact on further development.

Today, solar modules are sourced through a global supply chain. Therefore, this specification is pub-
lished exclusively in English language.

The aim of this series of specifications is to standardize communication between manufacturers and
customers to guarantee an elevated level of quality and at the same time speeding up the purchasing
process.

After all, PV Modules are planned as the longest-lasting key components of a PV system.
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1 Scope

This specification aims to describe the quality level and framework conditions for solar modules made
of crystalline silicon using today's technology (i.e. in the year of publication of the specification). The
focus is on solar modules that are usually used in so-called ground mounted PV systems.

Other technologies, such as thin-film modules or modules based on multi-junction solar cells, are not
within the scope of this document. For products based on these technologies, the text can neverthe-
less be used as a template. However, the applicability and completeness must then be checked with
particular care by the user.

Not in the scope of this text are evaluation catalogs regarding electroluminescence (EL) or visual in-
spection (VI). Such catalogs are typically either agreed upon based on manufacturer's documentation
or may be documented separately. Furthermore, this VDE SPEC does not specify any safety require-
ments. The corresponding safety standards for PV applications apply.

Although it is quite possible that different scenarios are conceivable, this specification uses the termi-
nology ,manufacturer” and ,customer”. No distinction is made between ,manufacturer” and ,seller” and
~supplier”. Moreover, the terms ,customers” and ,buyer” could also be used equivalent within this
specification. Users of this specification are requested to adapt the terms to their corresponding actual
situation if necessary.

Part 2 of this series of specifications provides quality requirements for the measurements applicable to
solar modules purchased.

Different quality levels (,basic”, ,standard” and ,advanced”) are defined, which can be selected by the
manufacturer and the purchaser of solar modules. In some cases, such differentiation is not provided
as suggested, and then the definitions shall be binding. Eventually, a checklist is provided to simplify

the documentation of technical conditions during contract negotiations for the purchase of modules.

Part 2 of this series provides an overview of the measurement and testing methods that are widely
used in quality assessment and quality assurance of PV modules on the market. Typical acceptance
levels for the various tests are listed in the appendices. An average quality is highlighted in bold let-
ters.

2 Normative References

The following documents are referred to in the text in such a way that some or all of their content con-
stitutes requirements of this document. For dated references, only the edition cited applies. For un-
dated references, the latest edition of the referenced document (including any amendments) applies).

2 PfG 2944 07.23, (test basis TUV Rheinland) Ultraviolet-Induced Degradation (UVID) testing for PV
modules

EN 50380:2017, Marking and documentation requirements for Photovoltaic Modules

IEC 60904-1, Photovoltaic devices — Part 1: Measurement of photovoltaic current-voltage characteris-
tics

IEC TS 60904-1-2, Photovoltaic devices — Part 1-2: Measurement of current-voltage characteristics of
bifacial photovoltaic (PV) devices

IEC 60904-2, Photovoltaic devices — Part 2: Requirements for photovoltaic reference devices

IEC 60904-4, Photovoltaic devices — Part 4: Photovoltaic reference devices — Procedures for estab-
lishing calibration traceability

IEC TR 60904-14, Photovoltaic devices - Part 14: Guidelines for production line measurements of sin-
gle-junction PV module maximum power output and reporting at standard test conditions

IEC 60904-9, Photovoltaic devices — Part 9: Classification of solar simulator characteristics

IEC TS 60904-13, Photovoltaic devices — Part 13: Electroluminescence of photovoltaic modules
IEC 61215 Series, Terrestrial photovoltaic (PV) modules — Design qualification and type approval
IEC 61701 Ed.3.0, Photovoltaic (PV) modules — Salt mist corrosion testing

IEC 61730 Series, Photovoltaic (PV) module safety qualification
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IEC TS 61836, Solar photovoltaic energy systems — Terms, definitions and symbols

IEC 61853-1, Photovoltaic (PV) module performance testing and energy rating — Part 1: Irradiance
and temperature performance measurements and power rating

IEC 61853-2, Photovoltaic (PV) module performance testing and energy rating — Part 2: Spectral re-
sponsivity, incidence angle and module operating temperature measurements

IEC 61853-3, Photovoltaic (PV) module performance testing and energy rating — Part 3: Energy rating
of PV modules

IEC 61853-4, Photovoltaic (PV) module performance testing and energy rating — Part 4: Standard ref-
erence climatic profiles

IEC 62716, Photovoltaic (PV) modules — Ammonia corrosion testing
IEC TS 62782, Photovoltaic (PV) modules — Cyclic (dynamic) mechanical load testing

IEC 62788-1-6 + Amd. 1, Measurement procedures for materials used in photovoltaic modules — Part
1-6: Encapsulants — Test methods for determining the degree of cure in Ethylene-Vinyl Acetate

IEC TS 62804-1, Photovoltaic (PV) modules — Test methods for the detection of potential-induced
degradation — Part 1: Crystalline silicon

IEC 62938 Ed.1.0, Photovoltaic (PV) modules — Non-uniform snow load testing

IEC 62941 Ed.1.0, Terrestrial photovoltaic (PV) modules — Quality system for PV module manufactur-
ing

IEC TS 63126, Guidelines for qualifying PV modules, components and materials for operation at high
temperatures

IEC TS 63209-1, Photovoltaic modules — Extended-stress testing — Part 1. Modules

IEC TS 63342 Ed.1.0, C-Si photovoltaic (PV) modules — Light and elevated temperature induced deg-
radation (LETID) test — Detection

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement GUM

ISO 1101, Geometrical product specifications (GPS)
ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

ISO 2859-1, Sampling procedures for inspection by attributes — Part 1: Sampling schemes indexed by
acceptance quality limit (AQL) for lot-by-lot inspection

ISO 8510-2, Adhesives — Peel test for a flexible-bonded-to-rigid test specimen assembly — Part 2:
180° peel

GBJ/T 2790-1995, Adhesives, 180-degree peel strength test method for a flexible-bonded-to-rigid test
specimen assembly

3 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following addresses:
m ISO Online browsing platform: available at https://www.iso.org/obp

m |EC Electropedia: available at https://www.electropedia.org/

3.1

Standard Test Conditions (STC)

Environmental standard test conditions for Solar PV Modules as defined in IEC/TS 61836. Further in-
formation for an STC power measurement and STC performance measurement can be found in

IEC 61215 series and IEC 60904 series.
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3.2

Solar simulator

A solar simulator is used for indoor STC measurements of solar cells and PV modules. The main com-
ponents of a solar simulator are the light source that illuminates the module and the current-voltage
measuring device with which the characteristic curve of the DUT is determined.

3.3
Bill of Material (BOM)
The list of all primary products and auxiliary materials used in production.

3.4

Manufacturer

Any legal entity that manufactures a product or has developed or manufactured a product and places
this product on the market under its name or trademark. A manufacturer may entertain several produc-
tion sites.

3.5
Production site
Actual factory/workshop used for the production of PV modules under the module supply contract.

3.6

Degree of Cross linking

Value obtained by the ,primary method” as described in IEC 62788-1-6 for EVA. In the sense of this
document also applicable for POE or a mix of EVA and POE.

3.7

anti PID function

property of embedding material, glass, and/or solar cells, that makes sure that no significant loss is
observed (5 % loss or less when specified in this specification) according endurance testing of per IEC
TS 62804-1.

3.8

Critical Defect

A critical defect is a defect that judgement and experience indicate is likely to result in hazardous or
unsafe conditions for individuals using, maintaining or depending upon the product; or a defect that
judgment and experience indicate is likely to prevent performance of the function of a major end item.

3.9

Major Defect

A major defect is a defect, other than critical, that is likely to result in failure, or to reduce materially the
usability of the unit of product for its intended purpose.

3.10

Minor defect

A minor defect is a defect that is not likely to materially reduce the usability of the unit of product for its
intended purpose or is a deviation from established standards having little bearing on the effective use
or operation of the unit.

3.11

Current sorting

The modules of a power class can be sorted according to current (lwep or Isc) classes by agreement.
There are usually a maximum of three current classes, which are often labelled 11, 12, 13 or L, M, H de-
pending on the manufacturer.

3.12

Silver Module, Golden Module

The Golden Module is the central reference module for calibration of the solar simulators of a PV mod-
ule manufacturer. Silver Modules secondary reference modules produced on a solar simulator cali-
brated with the Golden Module. Silver Modules are used in daily production to calibrate and monitor
the solar simulators.

3.13

National Accreditation Body

In the context of this Specification a national Accreditation Body is a national organization which is un-
derwriter to IAF and/or ILAC with the scope for Photovoltaic measurement or certification
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3.14
Accreditation Body
authoritative body that performs accreditation

Note: The authority of an accreditation body is generally derived from government.

[SOURCE: ISO/IEC 17000:2004, 2.6, modified — The references to other terms within ISO/IEC 17000
have been replaced by hyperlinks to entries in the IEV.]

In the context of this Specification a national Accreditation Body is a national organization which is un-
derwriter to IAF and/or ILAC with the scope for Photovoltaic measurement or certification.
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4 Symbols and abbreviations

The following abbreviations are used in this text

Al Artificial Intelligence

AIST National Institute of Advanced Industrial Science and Technology (United States)
AM Air Mass

BO Boron-Oxigen

B/S back sheet (rear side plastic foil of GBM, not applicable for GGM

CB Certifying Body, issuing the product certificate and accredited by a member body of IAF
Ce Cerium (chemical element)

CDF Constructional Data Form for Photovoltaic Modules

CID Current Induced Degradation

CO2 Carbon dioxide

DH Damp Heat

DL Dynamic load

DUT Device under Test

EL Electroluminescence

EVA Ethylene-vinyl acetate

GBM Glass-backsheet module: PV module with glass at the front side and B/S at the rear side
GGM Glass-glass modules: PV module with glass at the front side and rear side

GHG Greenhouse gas

GPS Geometrical Product Specification

HF Humidity Freeze

IAF International Accreditation Forum (www.iaf.nu)

IEC International Electrotechnical Commission (www.iec.ch)

IQC Incoming quality control

ISO International Standardisation Organization (Www.iso.0rg)

v Current-Voltage

LeTID Light and elevated temperature induced degradation

LID Light Induced Degradation

MPP Maximum Power Point: operation condition providing peak output for a PV module
MQT Module Quality Test

NREL National Renewable Energy Laboratory

PA Polyamide

PAN file  (from French. ,panneau”): full dataset defining a specific PV module for PV Syst
PET Polyethylene terephthalate

PID Potential Induced Degradation

POE Polyolefin Elastomer

PST Pre-shipment test

PV Photovoltaic

PVDF Polyvinylidene fluoride
PVF Polyvinyl fluoride
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PV Syst  Software made by PVSYST SA (Satigny, Switzerland) for yield calculation

QA Quality assurance
Sh Antinomy (chemical element)
Sl International System of Units
SNR Signal to Noise Ratio
SoP Start of Production
SOP Standard Operation Procedures (e.g. work instructions)
STC Standard Testing Conditions
TPT B/S consisting with a three-layer construction: PFV - PET - PVE
TS Technical specification
UL Underwriter Laboratories
uVvID Ultra Violet (light) Induced Degradation: possible degradation mechanism for solar cells
Ym Safety factor
Table 1 — Symbols used
Symbol Quantity referenced Sl Unit (if applicable)
Voc Open circuit Voltage (of a PV Module) V]
Isc Short circuit Current (of a PV Module) [A]
k Coverage factor of the expanded measurement un-
certainty
m Expanded measurement uncertainty %
Pupp Power at Maximum Power Point (MPP) [W] (often noted as [Wp])
[MW] (often noted as [MWp])
Prmax » Pmin, Paverag® Power at MPP , maximum/minimum/average value [W] (often noted as [Wp])
[MW] (often noted as [MWp])
RH Relative humidity [%] (not a SI Unit)
t Tolerance %
T Temperature K, °C
n Efficiency (%)
1 rel200 Relative low-light efficiency at 200 W/m? (%)
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5 Tests and Measurements

5.1 Power Measurement at STC
51.1 Basics

The performance under Standard Test Conditions (STC) is typically determined using solar simulators.
The STC conditions are defined as irradiance of 1000 W/m2, with an AM 1.5 spectrum and in the form
of a cell temperature of 25°C.

The measurement procedure is specified in IEC 61215-2. The cell temperature for the measurement
must be (25 £ 2)°C and the irradiance must be in the range (1 000 = 100) W/m2.

There are also measurements under natural sunlight. As a rule, these are measurements with portable
IV-curve measuring devices, which have a too high measurement uncertainty to be used as a basis for
billing large systems.

For a power measurement of PV modules, a large number of parameters must be defined. This results
in an unmanageable number of possible combinations. This specification presents the usual variants
with regard to the location, the devices used and the calibration standards used. Tolerances and
measurement uncertainty are also discussed.

The final chapter presents common combinations that can be used.
51.11 Apparatus

The essential properties of solar simulators, the spectrum achieved, the spatial uniformity and the tem-
poral stability are defined in IEC 60904-9. There are four characteristics for each property, which are
labelled A+, A, B or C in descending order of quality. The simulators labelled A+A+A+ are those that
come closest to the standard spectrum and show the least deviation in terms of spatial and temporal
uniformity.

A distinction can be made between three major types of construction and operation:
Production solar simulators, laboratory solar simulators and mobile sun simulators.

In terms of the light source, all three types can achieve the highest class A+A+A+ as per IEC 60904-9.
The biggest differences are in the temperature control of the PV modules.

Stationary laboratory set-ups have devices to homogenize the temperature of the solar modules to
(25 £ 2)°C before measurement.

In production, the entire workshop (or at least the relevant area) is temperature controlled. However,
the deviation from the value 25°C may be higher than in the laboratory.

In most cases, no temperature control of the modules is provided for mobile devices. In case tempera-
ture control is a precondition for mobile devices, such preconditioning will limit the throughput capacity
of the mobile device set-up. IEC 61215-2 specifies a temperature of 25 + 2°C for the test specimens.
Therefore, power measurements according to IEC 61215-2 can only be carried out in small quantities
with most mobile devices.

51.1.2 Tolerance

The tolerance t_1 (to be specified in [%]) is specified by the module manufacturer and defines the
maximum permissible deviation between the actual power and the rated power. The tolerance must be
specified on the rating plate (label) and in the data sheet in accordance with the applicable require-
ments of IEC 61215-1. The tolerance may be symmetrical or asymmetrical with respect to the rated
power and may be specified by the manufacturer in relative or absolute units. If the tolerance is speci-
fied asymmetrically, t_1 is the value corresponding to the (relative) distance of the lower power value
of the specified interval compared to Pmax (NP).

Example: The nominal power Pmax (NP) is specified as 500 Wp
Case 1: The symmetrical tolerance t_1 is + 3 %:

In this case, the manufacturer declares that the actual output of a compliant module must be in the
range between 485 Wp and 515 W, (since 3% of 500 Wy is 15 W)).

Case 2: asymmetrical tolerance -0%, +5%

In this case, the manufacturer declares that the actual output of a compliant module must be in the
range between 500 Wp and 525 W,.
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In this case, t_1 = 0 % (as the lower limit of the specified tolerance is Pmax (NP))

The tolerance t_1 can alternatively be specified by the manufacturer in [Wy]; in this case it should be
recalculated in units of % (rule: two valid decimal places) in relation to Pmax (NP).

Informative note: The manufacturer's ,tolerance® is often referred to as ,binning® or ,sorting“. The so-called ,positive
sorting” provides t_1 = 0 %. For reasons of clarity, only the term ,tolerance” should be used. This corresponds to
IEC 61215-1

5.1.1.3 Uncertainty of measurement

Every power measurement is subject to a measurement uncertainty. The measurement uncertainty
m_1 depends on the selected measurement procedure and the measuring devices used and is deter-
mined by the test laboratory. In accordance with IEC 61215-1-1, the maximum permissible value of
the expanded measurement uncertainty m_1< 3.0 % for the power measurement (P_max (Lab)) for c-Si
modules.

An expanded measurement uncertainty (k=2) is the measurement uncertainty that has a confidence
interval of 95%. The basic definitions are taken from ISO/IEC Guide 98-3, Uncertainty of measurement
— Part 3: Guide to the expression of uncertainty in measurement GUM:1995.

For c-Si modules, the range of measurement uncertainties with k=2 in laboratories and production fa-
cilities is currently between 1.0% and 3.0%.

When evaluating tests in the course of quality assurance, it must be agreed on a case-by-case basis
whether and in what form the measurement uncertainty is taken into account.

As long as no other precise information on measurement uncertainty is available, the distribution of
deviations from the true value due to measurement uncertainties is not defined. If the mean value from
a larger number of measurements is considered, the contributions to measurement uncertainty with a
symmetrical distribution (Type A) cancel each other out. No statement can be made about the non-
symmetrical (Type B) portions. In this case, the measured average value can be used without taking
into account the measurement uncertainty.

5.1.1.4  Traceability and calibration standards

Traceability means that a measured value can be traced back to a recognized standard through an
unbroken chain of comparative measurements. In the end, these are usually so-called standards of Sl
units, which are provided by the respective National Metrological Institute.

In the field of photovoltaics, there is the World Photovoltaic Scale (WPVS). This is a programme of in-
terlaboratory comparisons in which the participants offer the lowest uncertainty for solar irradiance
measurement, which is vital for PV power measurements. The WPVS was launched in the 1990s.
The first publication named the Physikalisch-Technische Bundesanstalt (PTB) in Braunschweig, Ger-
many, the National Institute of Advanced Industrial Science and Technology (AIST) in Fukushima, Ja-
pan, the National Renewable Energy Laboratory (NREL) in Golden, Colorado, USA and TIPS from
China. In the next round, the European Solar Test Installation (ESTI) from Ispra, Italy, joined the in-
terlaboratory comparison, among others. The aim of the participants is to be able to compare their
measurements through continuous interlaboratory comparisons. An interlaboratory comparison is the
exchange of test specimens in order to compare measurements between different laboratories.

WPVS laboratories usually calibrate so-called WPVS-design cells. These cells are 2x2 cm in size and
have a special encapsulation. The accredited calibration and testing laboratories have their WPVS-
design cells calibrated by the WPVS member laboratories and use these cells to calibrate the solar
simulators. Only in the next step the first solar modules can be measured.

The WPVS cells can be measured by WPVS members with a measurement uncertainty of 0.3-0.5%.

The measurement uncertainty increases with every step along the calibration chain away from the
WPVS standard or another first level standard that is directly traceable to Sl units. Commercial calibra-
tion and testing laboratories have a measurement uncertainty of between 1.3 and 3.0% when measur-
ing a PV module, depending on the effort involved.

With mobile solar simulators measurement uncertainties of 5-6% are not uncommon during operation
on the construction site.

The WPVS laboratories are currently working on providing reference modules. A measurement uncer-
tainty of 1.0% is currently available (2024).
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In addition to the traceability of a calibration standard (WPVS cell or a reference module), stability is
also important. WPVS cells are made of semiconductors with very long-term stability. If normal solar
modules are used as a reference module, it is important to stabilize them beforehand. The stabilization
should also be documented.

The lower the measurement uncertainty of the reference module, the lower the measurement uncer-
tainty of the measured power in production.

The following specifications can be made for the references:
e Top level institution of the calibration chain
e Test laboratory vs. calibration laboratory as accepted origin of the reference module
e List of qualified laboratories
e Acceptance criteria for reference cells or reference modules as Golden Modules
e Specification of the handling of bifaciality of the modules
e List of data which shall provided to the customer
5.1.1.5 Bifacial PV modules

For bifacial modules, it must be defined how the power of the reference modules is measured and
transferred to the modules in production. The simplest way is to exclude the contribution of the rear
side as far as this is technically possible.

This is practically impossible when measuring in production. The resulting systematic error can be es-
timated by determining the STC power on modules from production in the laboratory using the same
method with which the reference modules are measured.

5.1.2 Location of the measurement
5.1.2.1 Production

Two types of solar simulators and two types of reference modules are generally available from the
manufacturer.

There are solar simulators in production that are integrated into the production automation and opti-
mized for high throughput. These solar simulators are usually calibrated with a so-called Silver Mod-
ule. This is a reference module that is generated in the in-house laboratory with the help of the so-
called Golden Module.

Most manufacturers have one or more in-house (owned by the manufacturer, often in the vicinity of
the workshop) accredited (by a National Accreditation Body for the applicable scope per ISO IEC
17025) test laboratories. The solar simulators in these laboratories are usually more precisely air-con-
ditioned and can achieve a lower measurement uncertainty than the solar simulators in production. As
a rule, the Golden Module is stored within this laboratory and the Silver Modules are produced in
these in-house laboratories.

Two quality assurance measures are widely used:

e Witness Calibration: the entire calibration chain and the equipment used are checked by an
authorized representative of the customer.

e Witness measurement: A sample is taken and measured again using the manufacturer's equip-
ment.

The following points shall be specified:

e Selection of the type of solar simulators used

e Definition of the reference

e Definition of how the bifaciality of the DUT is taken into account
5.1.2.2 Laboratory prior to transport (PST pre shipment test)

After packaging, a random sample is taken and a performance measurement is usually carried out in
an external laboratory. The following specifications are recommended:

e Requirement for accreditation

¢ Requirements for the measurement uncertainty
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e Traceability/reference requirement
e Requirements for the data to be collected
e Sampling strategy
e List of possible laboratories
¢ Client, cost allocation
5.1.2.3 Harbour (after delivery to region of destination)

In Rotterdam, and possibly also in other harbors, it is possible to carry out performance measure-
ments.

There are providers who work with stationary equipment and those who offer spatially flexible meas-
urements with a truck or trailer, even in the port.

In some cases, these measurements are not offered by service providers accredited according to
ISO/IEC 17025. In some cases, they are not STC performance measurements according to IEC
61215, which is why the performance of non-accredited providers is often referred to as a flash test
without further definition. Such a test is not necessarily a standardised measurement.

A random sample is taken from the delivery lot and the service provider usually carries out a perfor-
mance measurement in the warehouse. The following specifications are recommended:

e Requirement for accreditation
e Measurement requirements
¢ Requirements for the measurement uncertainty
e Traceability/reference requirement
e List of possible providers
e Client, cost allocation
5.1.2.4 Laboratory after transport

A random sample is taken at some point between arrival at the port of destination and arrival at the
construction site. An ISO/IEC 17025 accredited laboratory carries out an STC performance measure-
ment on the selected test specimens. The following specifications are recommended:

¢ Requirement for accreditation
¢ Requirements for the measurement uncertainty
e Traceability/reference requirement
e Requirements for the data to be collected
e Sampling strategy
e List of possible laboratories
e Client, cost allocation.
5.1.2.5 Construction site

A performance measurement can be carried out on the construction site as part of an incoming goods
inspection.

This service is offered by both ISO 17025 and non-accredited service providers.

Non-accredited service providers often refer to the service as a flash test. A flash test is not neces-
sarily a standardized measurement.

A random sample is taken from the delivery batch and a performance measurement is carried out by
the service provider on the construction site or in the immediate vicinity. The following specifications
are recommended:

e Requirement for accreditation
e Sampling strategy

e Measurement requirements
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5.1.3

5.1.3.1

Requirements for the temperature control of the test specimens

Requirements for the measurement uncertainty

Traceability/reference requirement

List of possible providers

Client, cost allocation

Acceptance criteria

Individual measurement

An individual measurement is particularly relevant in the context of the performance guarantee of PV
module manufacturers.

As a rule, the technical requirements are specified in the performance guarantee certificate. Devia-
tions may be agreed in individual cases.

The normative definition of the STC performance measure form the basic set of requirements.

Moreover, the following specifications for STC performance measurements are recommended:

For the technical realization of the measurement:

Requirement for accreditation

Requirements for the measurement uncertainty
Traceability/reference requirement
Requirements for the data to be collected
Sampling strategy

List of possible laboratories

Client, cost allocation

Acceptance limits:

Guaranteed minimum performance

Assured degradation per year

Treatment of the measurement uncertainty when determining the real STC power

Average of measurements

The average of a larger number of STC performance measurements is particularly relevant in the con-
text of the acceptance of a delivery lot.

The normative definition of the STC performance measure form the basic set of requirements.

Moreover, the following specifications for STC performance measurements are recommended:

For the technical realization of the measurement:

Requirement for accreditation

Requirements for the measurement uncertainty
Traceability/reference requirement
Requirements for the data to be collected
Sampling strategy

List of possible laboratories

Client, cost allocation

Treatment of the measurement uncertainty when determining the real STC power

Mathematical treatment of the result:

Guaranteed average minimum performance

Treatment of the measurement uncertainty when determining the average real STC power
(if not defined elsewhere)
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e Formula for determining the average real STC power
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5.2 Electroluminescence (EL)
5.2.1 Fundamentals

Electroluminescence (EL) is an imaging technique that visualizes a series of defects in solar cells. In
EL, direct current flows through the solar module in the forward direction, which excites radiation in the
1,150 nm wavelength range. This radiation is recorded with a camera that is sensitive in this wave-
length range.

The procedure is described in IEC TS 60904-13:2018. Some EL images of cells with selected fault
patterns are shown in the annex to the TS. However, due to the rapid technical development, the fault
patterns shown there are no longer relevant today. They mostly show multicrystalline cells with two or
three busbars.

As arule, EL fault catalogues developed by the manufacturers of solar modules are used. Different
defect catalogues are usually used for the evaluation of EL images at the end of production and on
arrival from the construction site.

The defect catalogues are generally defect-centered and do not evaluate the entire production batch.
This means that the defect catalogue alone describes for each individual defect the maximum extent
to which it may occur, without asking whether the module already has other defects or which defects
other modules have.

The starting point for this standard is to first define how many of the modules must be completely free
of anomalies. Modules that show anomalies are evaluated in the second step using the error cata-
logue.

5.2.1.1 Apparatus

The two relevant devices for an EL image are the camera including lens and filter and the DC power
supply. The specifications required for the camera/recording quality differ depending on the location
and are listed there.

For the DC power supply, a distinction must be made between single modules and the energization of
entire strings.

Depending on the objective, IEC TS 60904-13:2018 sets the current carrying capacity to Isc or 0.1 Isc.
This can be implemented in production and in the laboratory.

For EL images of entire strings, a current rating of Isc can often not be achieved because no suitable
current sources are available. In this case, different amperages can be agreed.

5.2.1.2 Interpretation of EL images

EL images are usually interpreted based on error catalogues that classify anomalies and define
PASS/FAIL criteria for each of the anomalies.

Most manufacturers provide defect catalogues for end-of-line (EOL) EL images and for EL images
made during the incoming goods inspection.

IEC TS 60904-13:2018 contains a few sample images that show anomalies. The images in IEC TS
60904-13:2018 are outdated. A manufacturer-independent standard that refers to the current module
technology is not available.

Error catalogues should:
e The images contain examples of the abnormalities that were recorded on actual test specimens
e Be structured so simply that a manual evaluation can be carried out in less than 60 seconds

Al-supported evaluation software is used in production and by testing service providers. After defining
an error catalogue, the manufacturer should provide 20 EL images for each listed anomaly, which were
taken on identical modules and show the FAIL or PASS anomaly, in order to check the evaluation soft-
ware.

5.2.2 Location of the measurement
5221 Production

An end-of-line (EOL) EL image is made in production. The parameters of the available system are to be
defined.
e Test current
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e Camera resolution

e Temperature of the test specimens

e Pass/fall criteria

e Sharpness class according to IEC TS 60904-13:2018, clause 4.2.1.2

e Signal to noise ratio (SNR), IEC TS 60904-13:2018, clause 4.3
5.2.2.2 Laboratory prior to transport

It only makes sense to send PV modules from production to an external laboratory if they have been
checked for perfect condition before dispatch. Therefore, EL images in a test laboratory only serve to
check whether the modules have been damaged during transport from production to the laboratory.

This check is absolutely essential in order to rule out the possibility that the results of the tests in the
laboratory provide a result that is overlaid by transport damage.

The assessment of whether the test specimens are suitable for the planned test can be left to the ac-
credited test laboratory.

Exceptions to this rule are possible. These cases are so specific that they must be defined on a case-
by-case basis.

5.2.2.3 Harbour
There are stationary and mobile devices in the harbor for taking EL images of PV modules.
Minimum specifications:
e Test current
e Camera resolution
e Temperature of the test specimens
e Pass/fall criteria
Optional specifications:
e Sharpness class according to IEC TS 60904-13:2018, clause 4.2.1.2
e Signal to noise ratio (SNR), IEC TS 60904-13:2018, clause 4.3
5.2.24 Laboratory after transport

If PV modules are sent to an external laboratory after transport from the warehouse or from the con-
struction site, it is generally not practical to check them for perfect condition using EL before dispatch.
Therefore, EL images in a test laboratory are primarily used to check whether the modules have been
damaged during transport.

This check is absolutely essential in order to rule out the possibility that the results of the tests in the
laboratory provide a result that is overlaid by transport damage.

The assessment of whether the test specimens are suitable for the planned test can be left to the ac-
credited test laboratory.

If the modules do not show any abnormalities during the EL test, it can be concluded that the con-
tainer from which the test specimens originate is highly unlikely to have suffered any systematic
transport damage.

The reverse conclusion is not possible. If the modules show abnormalities, these should be investi-
gated to determine their cause.

5.2.2.5 Construction site
5.2.25.1 Incoming goods inspection

There are permanently installed and mobile devices on the construction site for taking EL images of PV
modules.

Minimum specifications:
e Test current

e Camera resolution

—— VDE SPEC 90038-2 (en) V1.1 19



e Temperature of the test specimens
e Pass/fall criteria
Optional specifications:
e Sharpness class according to IEC TS 60904-13:2018, clause 4.2.1.2
e Signal to noise ratio (SNR), IEC TS 60904-13:2018, clause 4.3
5.2.25.2 Mounted modules

EL images of assembled modules are not generally the subject of a quality specification for PV mod-
ules. As they are part of the contract in individual cases, they are also listed here.

With regard to the test current and the temperature of the test specimens, the specifications of IEC TS
60904-13:2018 cannot be implemented in practice and must be adapted.

Recommended specifications:
e Test current
e Camera resolution
e Temperature of the specimens
e Pass/fall criteria
A determination of the
e Sharpness class according to IEC TS 60904-13:2018, clause 4.2.1.2 and the
e Signal to noise ratio (SNR), IEC TS 60904-13:2018, clause 4.3
should only be used for outdoor shots in justified individual cases.
5.3 Performance at low irradiance
5.3.1 Fundamentals

IEC 61215-2, MQT 07 describes the measurement of performance at low irradiance, specifically the
power at an irradiance of 200 W/mz2,

MQT 07 describes the technical procedure of the measurement and the requirements for the measur-
ing device. The performance is measured. The data is neither evaluated nor subjected to further pro-
cessing.

5.3.2 Implementation

It is common practice in the industry to specify a relative low-light efficiency at an irradiance of 200
W/mz in relation to the STC output.

Nrelzoo = P200/Pstc *1000/200
nrezoo = Relative low-light efficiency at 200 W/m?
P20 = Power in [W] at 200 W/m?
Pstc = Power in [W] at STC conditions
Specifications:
e Minimum value of the low-light efficiency
e Discount in percentage points to allow for measurement uncertainties
54 PID
5.4.1 Fundamentals

The testing of PV modules for susceptibility to Potential Induced Degradation (PID) is described in
IEC TS 62804-1 Ed. 1.0.

The result of the test only describes the susceptibility of the module. The numerical value of the power
loss in the course of the test is not related to the actual power loss that a susceptible module may ex-
hibit during operation.

A distinction is made between PID-s triggered by shunts and PID-p of so-called polarisation.
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The main mechanism of PID-s has been known for a good ten years and is caused by the migration of
sodium ions from the glass to the cell surface.

PID-s is mostly found in n-type cells.

In addition to the degradation stress methods, IEC TS 62804-1 also describes recovery methods. As a
loss of power could also have other causes, only successful recovery is considered proof that PID is
present.

5.4.2 Implementation
54.2.1 PID-s

IEC TS 62804-1 provides two methods for PID-s:

Method A is carried out for 96 hours in a climate chamber at 60°C and 85% relative humidity. The cir-
cuit in the module is short-circuited and subjected to the maximum system voltage. The frame is
earthed.

Method B is carried out for 168 hours at 25°C and below 60% relative humidity. The glass is covered
with an aluminum foil, which is grounded together with the frame.

Both methods reliably detect susceptibility to PID. With method A, the earth potential is not as uniform
across the entire glass as with method B.

Method A tends to be recommended for locations with low precipitation, where the earth potential is
primarily applied to the frame. Method B is more suitable for locations with frequent precipitation,
which distributes the earth potential over the entire surface via the water film.

For certificates and material qualifications, the procedure according to IEC TS 62804-1, is the stand-
ard approach. The latest version of IEC 61215-2 requires Method A from IEC TS 62804-1 and with a
pass/fail criterion of 5% max. deviation. It is hot recommended to use this criterion as the 5% threshold
appeatrs too large for a failure mode which is typically not demonstrating a stabilized minimum at the
end of the test time.

If large volumes have to be tested for quality assurance, simplifications can be agreed compared to
the IEC TS, which allow testing to be carried out much more cost-effectively and in larger volumes
with only a slight reduction in informative value.

Simplifications Method A:

60°C +- 3 °Cor 85°C +-3 °C

85 +- 5% rel. humidity

Only one representative temperature sensor required
96h +- 4h

Simplifications Method B:
25°C +-3°C
Only one representative temperature sensor required
168h +- 8h

5.4.2.2  PID-p

Testing for PID-p sensitivity is much more complex than testing for PID-s and is aimed more at re-
search and development tasks and is not used in the quality assurance of PV modules.

5.4.3 Required specifications for PID-s
e Method A/B
e Simplification Y/N
o Different degrees of sharpness
e Permissible power loss
55 LeTID
55.1 Fundamentals

Light and enhanced temperature induced degradation (LeTID) has come into focus with the introduc-
tion of the PERC cell architecture. In principle, the effect also exists in older cell concepts, but it occurs
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there to a much lesser extent. The latest generation of cells, n-type TOPCon cells, on the other hand,
are significantly less sensitive to LeTID.

The IEC TS 63342:2022 test method addresses LeTID. The two-stage test method initially provides
for a 24-hour current-induced degradation (CID) at low temperature. This essentially corresponds to
LID stabilization. The CID is preceded by the actual LeTID test in order to be able to separate the two
degradation effects. The test specimens are then energized at 75°C to trigger the LeTID effect.

The LeTID test procedure is very complex. A simplified procedure can be used for sensitivity screen-
ing on a larger number of items as part of quality assurance.

Simplifications:
e Temperature measurement only on a representative test specimen at B-O CID
e Extended temperature range +10°C, max. 35°C for B-O CID
e Temperature measurement only on a representative test specimen at LeTID
e Only one LeTID cycle with 162h + 8h with STC power measurement before/after stress
e Pass criterion for power loss, APzu > (Pmax — Pmin)/Paverage
e Consideration of the measurement uncertainty
5.5.2 Implementation

Specifications:

e |EC TS or simplified procedure

e Three STC measurements before and after CID as well as the final measurement

e Permissible maximum power loss for CID and LeTID

e Measurement uncertainty to be taken into account for the repeatability measurement
56 LID
5.6.1 Fundamentals

Light induced degradation (LID) refers to initial degradation in the first few hours of operation caused
by boron-oxygen complexes in the wafer.

Boron is only present as a dopant in the wafer of p-type cells. Monocrystalline p-type cells are particu-
larly sensitive.

The scope of the LID can be determined by stabilization in accordance with IEC 61215-2 MQT 19.

The solar module is exposed to radiation of 5 kWh/mz2 at least twice in a solar simulator or in the sun.
The STC power is measured before and after each radiation dose.

Stabilization according to MQT 19 is carried out until the stability criterion of
(Pmax-Pmin)/Paverage < 0,01
is reached.

LID testing is known to be important for p-type material, whereas under certain conditions (e.g. Ga
doping for p-type or the use of n-type) a BO related degradation, which is the classical reason for the
occurrence of LID is not expected.

According to IEC 61215, LID stabilization can be replaced by another validated method at the labora-
tory's discretion. This is usually Current Induced Degradation (CID). The module is connected to a cur-
rent source in the dark and Isc flows through it. The details of the procedure are up to the laboratory, as
long as validation is successful.

5.6.2 Implementation
Specifications:
e LID/CID procedure
e Pass criterion for power loss, APzul > (Pmax — Pmin)/Paverage

e Consideration of the measurement uncertainty
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5.7 Crosslinking
57.1 Fundamentals

The determination of the degree of cross-linking of EVA is defined in IEC 62788-1-6:2017/AMD1:2020.
There are various methods for determining the degree of crosslinking. Soxhlet extraction is the pri-
mary method.

In large parts of the industry, methods have become established in which the samples are not ex-
tracted in a Soxhlet extractor but in a round bottom flask in boiling xylene. Simplified procedures can
be used in quality assurance as long as they are described.

While EVA was practically the only embedding material used for decades, the number of alternative
materials, some of which are only specified in very general terms, has been increasing in recent years.

Polyolefins (POE) are widely used, although this is only a generic term, and EPE/EP, coextruded films
made of EVA and POE.

Meaningful PASS/fail criteria can only be established with precise knowledge of the embedding mate-
rials used.

5.7.2 Implementation
Specifications:
e Simplified procedures
¢ Drying time after chemical extraction and prior to mass determination
e Minimum degree of crosslinking
e Measurement uncertainty
5.8 Peel Test
5.8.1 Fundamentals

The peel test is used in the solar industry both as a 90° peel test in accordance with IEC 61730-
2:2023, MST 35, and as a 180° peel test for quality assurance.

MST 35 is expressly not required for certification if the modules are glass-glass modules or if the mod-
ules fulfil the requirements of Table 3 of IEC 61730-1:2023.

The peel test can only be carried out on finished products on glass-foil modules. Test specimens must
be produced separately for glass-glass modules.

The test specimen on which the pull-off force for glass-glass modules is measured as a simulation
should be as close as possible to the real product in terms of its properties during lamination and
should be clearly defined in terms of its dimensions and composition.

In peel tests, the embedding material is usually pulled off the glass or the backing film is pulled off the
embedding material and the force required for this is measured.

It is often not possible to determine the pull-off force between the backing film and the embedding ma-
terial because another surface interface fails first.

There is no photovoltaic-specific standard for determining the pull-off forces on a solar module. ISO
8510-2:2006-12 or the Chinese standard GB/T 2790-1995 can be used, which in turn is an adaptation
of the preliminary version of the above-mentioned I1SO standard. Adjustments must be made in detail
as, for example, the take-off speeds specified in the standard are too high in many cases. As a rule,
an industry-specific adaptation of the standard will be used.

The peel test can be carried out by hand or by machine. Most hand-held devices are drag indicator
instruments that display the maximum value, whereas in a machine peel test, the force is recorded
along the path. The measurement produces a peak load just before peeling begins, which is well
above the force required for subsequent continuous peeling.

5.8.2 Implementation
Specifications:
o Definition of the test specimen with all materials, dimensions and structure

e Definition of the procedure for laminating the test specimen
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¢ Intended measuring device
e Determination of which measured value is evaluated as peel force
e Determination of the minimum value for the peeling force

5.9 Insulation Test

5.9.1 Fundamentals

The dry insulation test is defined as insulation test IEC 61215 MQT 03. In production, each module is
usually subjected to an insulation test that generally deviates from MQT 03.

The MQT 03 provides for a two-stage voltage load on the test specimen. The electrical resistance is
measured during the second load.

The PASS/FAIL criterion is 40 MQ-m?, the product of the module area in m2 with the measured re-
sistance.

5.9.2 Implementation
Required specifications:
e Maximum system voltage
e Test according to IEC 61215 MQTO03 or simplified test
o If a simplified test is agreed, the SOP must be agreed
5.10 Wet leakage current test
5.10.1 Fundamentals

The wet leakage current test (WL) is defined as IEC 61215 MQT 15. The test specimen, including the
connectors, is subjected to a test voltage equal to the maximum system voltage in a water bath for
120 seconds. The electrical resistance is determined from the measured leakage current. The
PASS/FAIL criterion is 40 MQ-m2, the product of the module area in m2 and the measured resistance.
In fact, brand-new modules usually measure values in the range of several GQ.

The wet leakage current test can also be carried out on site. In this case, the specifications for the
temperature of the test fluid are difficult to fulfil. We recommend the following deviations from the IEC
standard for measurements outside the laboratory:

e Liquid temperature 22°C = 10°C
e PASS/FAIL Criterion 40 MQ m? — 1.000 MQ
e Option: Testing without connector
5.10.2 Implementation
Required specifications:
¢ Maximum system voltage
e Deviations from the standard for external measurement
e Submerged connector and J/box
5.11 Connector Wet Leakage Current Test
5.11.1 Fundamentals

The laminates are usually inconspicuous in the wet leakage current test. The few cases in which the
test is not passed are in most cases caused by the connectors.

It may therefore make sense in individual cases to agree to test only the connectors.

Such a test can be carried out by immersing only the connectors in a container with the test fluid. Oth-
erwise, all specifications of the IEC 61215 series can be adopted.

If the test is carried out on site, the permissible temperature range of the test fluid should be extended
to 15°C — 30°C.
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5.11.2 Implementation
Required specifications:
e Maximum system voltage
e Minimum Riso
5.12 Static mechanical load test
5.12.1 Fundamentals
The static mechanical load test (ML) is described in IEC 61215-2 MQT 16.
A distinction is made between positive (push) and negative (pull) loads.

In addition, between the design load and the test load, which is normally 1.5 times the design load.
The minimum design load according to IEC 61215 is 1,600 Pa, which results in a minimum test load of
2,400 Pa.

In general: Test load =y ,,x design load

The standard is open regarding both the design load and the definition of the safety factor y,,. Express
reference is made to the responsibility for assessing the required design load. Important parameters
are the type of installation, local regulations or the climatic ambient conditions, all parameters that may
require a different, higher design load and/or a higher vy,

According to IEC 61215-2, the ML does not provide a pass-fail criterion with regard to STC power or
EL imaging.

5.12.2 Implementation

Required specifications:
o Definition of the assembly situation
o Expected design load, pressure
e Expected design load, pull

e Safety factor y,,

e PASS/FAIL criterion STC performance
e PASS/FAIL criterion EL images

5.13 Cyclic dynamic load test

5.13.1 Fundamentals

IEC TS 62782:2016 describes a cyclic load test (DL) with 1,000 cycles of positive and negative pres-
sure of 1,000 Pa on the module surface.

The scope indicates that this test alone is very unlikely to lead to a loss of performance. It is recom-
mended to combine the test with other tests.

One example is Test Sequence 2, Mechanical Stress from IEC TS 63209-1:2021.

According to IEC TS 62782, the DL does not provide a pass-fail criterion with regard to STC power or
EL images.

5.13.2 Implementation

Required specifications:
o Definition of the assembly situation
e PASS/FAIL criterion STC performance
e PASS/FAIL criterion EL images

5.14 Damp heat test

5.14.1 Fundamentals

The Damp Heat Test according to IEC 61215 MQT 13 lasts 1,000 hours and is often referred to by the
abbreviation DH1000. Solar modules are stored in a climate chamber at 85°C and 85% relative humid-
ity for 1,000 hours, which corresponds to approx. six weeks.
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The main failure mechanism addressed by the DH test is the hydrolysis of polymer materials.

It is common practice in the R&D sector to carry out the DH test in an extended form for material quali-
fication. DH1500, DH2000 are common, but sometimes even longer test sequences are used. It is
controversial whether an extension beyond a certain level provides meaningful results.

The extended DH tests are also used to carry out quality benchmarking.

If the DH test is carried out with an extended number of hours, it is recommended to use the test se-
quences of IEC TS 63209-1:2021 in order to obtain comparable results.

5.14.2 Implementation
Specifications:
e BOM to be checked
e Duration
e Intermediate measurements
e Pass/fall criterion
5.15 Temperature cycling test
5.15.1 Fundamentals

The temperature cycling test (TC) in accordance with IEC 61215 MQT 11 comprises 200 temperature
cycles between -40°C and +85°C and is often referred to by the abbreviation TC200.

Depending on the speed at which the climate chamber can realize the temperature ramps, the TC200
takes about a month to complete.

The main failure mechanism addressed by the TC test is material fatigue due to different expansion
coefficients of the components used in the solar module.

It is common practice in the R&D sector to carry out TC tests with an increased number of cycles. The
TC400 and TC600 requirement levels are widespread

The extended TC tests are also used to carry out quality benchmarking.

If the TC test is performed with an increased number of cycles, it is recommended to use the test se-
guences of IEC TS 63209-1:2021 in order to obtain comparable results.

5.15.2 Implementation
Specifications:
e BOM to be checked
e Number of cycles
e Intermediate measurements
e Pass/fail criterion
5.16 Humidity freeze test
5.16.1 Fundamentals

The humidity freeze test in accordance with IEC 61215 MQT 12 comprises 10 temperature cycles be-

tween -40°C and +85°C and is often referred to by the abbreviation HF10. It differs from the TC test in
that one cycle lasts 24 hours and the modules are exposed to a high humidity of 85% relative humidity
during the 20-hour heat phases.

The HF10 takes ten days to complete.

It is common practice in the R&D sector to carry out HF tests with an increased number of cycles. The
requirement levels HF20 and HF30 are widespread.

The extended HF tests are also used to carry out quality benchmarking.

If the HF test is performed with an increased number of cycles, it is recommended to use the test se-
guences of IEC TS 63209-1:2021 in order to obtain comparable results.
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5.16.2 Implementation
Specifications:
e BOM to be checked
e Number of cycles
¢ Intermediate measurements
e Pass/fail criterion
5.17 UV test
5.17.1 Fundamentals
Ultraviolet (UV) light can affect and damage both the cell and the materials of the modules.

In the area of IEC standards and specifications, the UV tests are designed for material degradation of
the polymer materials.

In the de facto standards for market access for a product, IEC 61215 and IEC 61730 provide for MQT
10 with a total dose of 15 kWh/mz2, which generally does not lead to material defects.

IEC 61730 provides for an extended UV test in Sequence B with the MQT 54. The test specimens are
exposed to UV radiation of 60 kWh/m?2 on both the front and back using the same method as defined
in IEC 61215-2 MQT 10. However, IEC 61730 does not provide a pass-fail criterion for the final STC
performance measurement.

The IEC TS 63209 specification defines a test branch in which UV irradiation of the rear side is pro-
vided. The dose is 180 kwh/mz2. This test sequence originally addressed the durability of polymer
backsheets. For glass-glass laminates, the UV exposure primarily affects the encapsulation material,
but it can also have an effect on cells with certain architectures. IEC TS 63209 is described in detail in
chapter 4.21.

The backsheet test sequence of the PVEL scorecard contains a UV branch that is almost identical to
IEC TS 63209 and covers an irradiation of 195 kwWh/m2.

All UV tests mentioned so far address material degradation.

UV degradation of cells is mainly observed in younger cell architectures. Exposure to UV light results
in a loss of cell performance. This degradation mechanism is not reliably recognized by the current UV
tests in the IEC standards and specifications. TUV Rheinland offers a test for UV sensitivity, especially
of the front side of the cell, in accordance with TUV SPEC 2 Pfg 2944. TUV SPEC 2 Pfg 2944 speci-
fies a UV dose of 120 kWh/m?2 on the front side and 60 kWh/m?2 on the back side.

In principle, UV sensitivity has not been sufficiently tested in the past. The new approaches differ in
terms of the addressed defect mode. The design of the UV test sequences in particular has not kept
pace with technical developments.

It must be checked in each individual case which test sequence is appropriate for testing a specific
product. Depending on the issue at hand, it may make sense to adapt a test sequence to the state of
the art.

5.17.2 Implementation
Specifications in TUV SPEC 2 Pfg 2944:
e Cell type
e BOM to be checked, especially encapsulant and front/rear cover
e Pass/fail criterion STC Power loss
Specifications in IEC TS 63209 and the PVEL Scorecard:
e BOM to be checked, especially encapsulant and front/back cover

e Pass/fail criterion STC Power loss
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5.18 Bifaciality test
5.18.1 Fundamentals

The measurement of the bifaciality factors is described in IEC TS 60904-1-2. In practice, the STC
power of the front and rear is usually determined and the bifaciality of the STC power, short-circuit cur-
rent and open-circuit voltage is calculated from this.

Pmax ¢P: P maxr/Pmaxt
Isc = Iscrlsct
Uoc $u= Uocr/Uoct

As arule, this information is sufficient in many cases. In cases where a high proportion of bifacial yield
is to be achieved, it must be taken into account that the losses due to the series resistance do not in-
crease linearly at currents above Ivppr. In these cases, a more differentiated approach may be useful.

IEC TS 60904-1-2 recommends measuring a number of test specimens in order to record any scatter.
A measurement uncertainty is not taken into account in these measurements.

5.18.2 Implementation

The specifications in chapter 4.1 apply to the two STC power measurements of the front and rear
sides.

The most practical way to determine the bifaciality factors is to measure them in the laboratory.
IEC TS 60904-1-2 also describes measurement methods using natural sunlight.

e Determination of the location and measuring device for determining the bifaciality factors.

e Definition of minimum values for the individual measurement and the average values of
Opmax and Duoc.

5.19 Mechanical dimension
5.19.1 Fundamentals

The dimensions for the length, width and height as well as their tolerance are specified in the data
sheets.

This information is not sufficient to rule out distortion of the PV module to the trapezoid. If the mount-
ing system is sensitive to the geometric shape of the PV modules, a Geometrical Product Specification
(GPS) can be carried out.

A shape tolerance can be defined more easily via the GPS than via narrow dimensional tolerances
and thus lead to lower production costs.

5.19.2 Implementation

In order to agree a GPS, a drawing must be produced that contains the GPS symbols in accordance
with ISO 1101.

5.20 Energy rating
5.20.1 Fundamentals

The IEC 61853-3 standard describes a method for determining the yield of PV modules for various cli-
mate profiles defined in IEC 61853-4.

The measurement of the required parameters of a PV module is defined in the IEC 61853-1 and IEC
61853-2 standards.

In IEC 61853-1, these are the power values at 15°C, 25°C, 50°C and 75°C with 100-1,100 W/m2 irradi-
ation in each case. Combinations that do not make sense are deleted from the standard.

IEC 61853-2 covers the determination of the spectral responsitivity, the dependence of the power on
the angle of incidence and the operating temperature as a function of the operating conditions.

All values determined under IEC 61853-1 and IEC 61853-2 are heavily dependent on the properties of
the raw materials used in the construction of the PV modules. If a parameter set is used to predict the
yield of a PV module, care must be taken to ensure that the BOM of the DUT corresponds to that of
the subsequent product.
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The standards also specify methods for determining the parameters under natural sunlight. This is
possible and also useful under certain conditions. As a rule, especially if a result is required within a
defined period of time, these measurements are carried out in ISO IEC 17025 accredited test laborato-
ries.

In any case, the parameters should be determined on a sufficient number of test specimens in order to
be able to recognize possible scatter. Taking the measurement uncertainties into account appropri-
ately for these measurements is complex for reasons of practicality, the consideration should be ex-
plicitly excluded.

5.20.2 Implementation

The parameters that characterize a PV module in accordance with IEC 61853-1/2 can either be pro-
vided by the manufacturer or determined on a project-specific basis.

Should be defined:

e Specification of the BOM to be tested

e Selection of the test laboratory

e Optional: Definition of pass criteria that the supplied PV modules must fulfil
5.21 Visual inspection
5.21.1 Fundamentals

Visual inspection is defined as MQT 01 in IEC 61215-2. This form of visual inspection is aimed at clear
manufacturing defects or damage caused by stress. IEC 61215-1 Clause 8 lists the anomalies that are
considered major and/or critical visual defects.

A visual inspection in accordance with IEC 61215 MQT 01 is primarily carried out as part of the certifi-
cation test. This procedure plays a subordinate role in quality assurance.

On the other hand, there are visual inspections, which are often carried out on the basis of extensive
criteria catalogues at several points in production or by third parties as part of quality assurance.
These criteria catalogues are usually provided by the manufacturer and, if necessary, adapted on the
basis of individual contractual regulations.

The criteria catalogues for visual inspection in production or at goods receipt usually differentiate be-
tween minor, major and critical defects.

Both variants, a test according to IEC 61215 as well as according to agreed fault catalogues, are tests
on individual test specimens. This type of test does not define a quota of test specimens that must be
free of anomalies.

5.21.2 Implementation

A visual inspection is always carried out end-of-line by the manufacturer on each module as part of
quality assurance. In some cases, this is carried out by internal QA staff, while in others, camera-
based Al systems are used for these tasks.

After completion of the product, visual inspections are typically carried out at the following locations:
Production site

Modules that have already been packed are unpacked by third parties and subjected to a visual in-
spection. Suitable areas and aids are provided in the production facilities for this product inspection.

Warehouse/port

After sea transport, handling and, if necessary, storage can take place. In these warehouses, modules
can be visually inspected by third parties or by the customer. Some logistics companies specializing in
PV modules offer suitable space, equipment and support staff.

Construction site

A visual inspection can be carried out at the incoming goods department on the construction site.
These inspections are often carried out by specially authorized third parties or by the employees who
are responsible for the installation work.

In addition to the location of the visual inspections, the underlying catalogue of criteria must also be
agreed.
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5.22 Testing for increased reliability
5.22.1 Fundamentals
5.22.1.1 IEC TS 63209-1

IEC TS 63209-1:2021 is a specification that describes five test branches that go well beyond the type
approval testing of IEC 61215 series and the safety related standards as per IEC 61730 series.

The type approval standards are not designed to test whether products have a sufficiently long tech-
nical service life with a reasonable probability. IEC TS 63209 closes this gap to a certain extent. Even
this specification cannot test towards a specific service life, nor are all known or even possible failure
modes covered by the test sequences. In particular, the environmental conditions during operation are
not known.

The specification maps the most important error modes, which are complex to test, in a way that
should enable a high level of confidence in the products, at least in temperate climate zones.

The structure of the test branches is such that a characterization with STC power measurement, EL
imaging, wet leakage current measurement and iso-measurement is carried out at the beginning and
end. These measurements are mostly taken from the IEC 61215-2 tests. In between, the modules are
loaded with the respective stressors (again, mostly based on the tests foreseen in IEC 61215-2, but
with different severity and sequence). The number of test specimens is not specified within

IEC TS 63209-1.

5.2 Physical measurement
I
5.3 Visual inspection — [IEC 61215 MQT 01
T
5.4 Initial stabilization — IEC 61215 MQT 19.1
I

‘ 5.5 Performance at STC and low irradiance — IEC 61215 MQT 06.1 and 07 ‘

I
5.6 Insulation test— IEC 61215 MQT 03
I
5.7 Wet leakage current test — [EC 61215 MQT 15
I

5.8 EL imaging — IEC TS 60904-13 (Isc, 0,1 x Isc)

I | | |
6.3 Sequence 1 6.4 Sequence 2 6.5 Sequence 3 6.6 Sequence 4 6.7 Sequence 5

Thermal cycling
(200 cycles)
MQT 11

Thermal cycling
(50 cycles)
MQT 11

1 [19.2]6.1/7[3]15] EL

1[19.2[6.1/7]3]15] EL
I
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Humidity freeze
(10 cycles)
MQT 12

1 [19.2[6.1/7]3]15] EL

Figure 1 — Test scheme of IEC TS 63209 ((c) IEC)

1 with 10X magnification

Thermal cycling
(50 cycles) MQT 11

Humidity freeze
(10 cycles) MQT 12

1 with 10X magnification

UV on backside
(6,5 kWh/m2,
60° C +5 °C)

MQT 10

1 with 10X mag. [ 3 [ 15
|

| Insul. thick. MST 04 |

Thermal cycling Static load Damp heat (200 h) Damp heat PID (+ and/or -)
(200 cycles) VaT 16 MQT 13 (1000 h) (192 h)
MQT 11 - P MQT 13 MQT 21
1 with 10X magnification
1 [192]6.7[3[15[eL| [1]19.2]6.17[3]15]EL 1 [1e2]6.47[3[15]eL| [1]19.2[6.1/7]3]15]EL
I I Repeat I
Thermal cycling Cyclic load 3times | Damp heat
(200 cycles) 1000 xat1000Pa | (1000 h)
MQT 11 IEC TS 62782 UV on backside MQT 13
(60 kWh/m?2,
1[19.26.17[3[15]EL| [1]19.2]6.1/7]3]15]EL 60° C 5 °C} 1[19.2[6.1/7[3]15]EL
' ' MQT 10

IEC
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IEC TS 63209-1 only describes the test procedure; no pass/fail criteria are specified: These must be
defined separately for each test branch if necessary. However, a quantity of min. 2 samples per test
sequence 1 through 4 appears to be a reasonable balance, whereas min. 4 samples for test sequence
5 would be appropriate (positive and negative testing with each min. 2 samples).

Certain fault modes that are already covered by other IEC specifications are not included in IEC TS
63209-1. In contrast to the tests included in IEC TS 63209-1, these additional tests can all be carried
out in a period of less than three weeks.

The most important are
e LeTID, IEC TS 63342:2022
e Salt spray IEC 61701:2020
e Ammonia IEC 62716:2013
e Extended hail test

The test results can only be applied to PV modules produced with the same materials and the same
manufacturing processes. The tested materials are not visible in the certificates. However, the associ-
ated test report should contain a reference to a document in which the materials used are listed. As a
rule, the test specimens should be manufactured under the supervision of the test laboratory or other
suitable third parties so that consistent, independently prepared documentation is available.

5.22.1.2 Proprietary standards

The California-based PV Evolution Lab offers a test set under the name Scorecard, which essentially
corresponds to IEC TS 63209 but has been expanded to include an LID/LeTID and a hail test that ex-
ceeds the minimum requirement of IEC 61215 (D=50mm /v = 32m/s instead of D=25mm / v = 23m/s)
but does not achieve the most stringent hail test of IEC 61215.

There are other test sequences aimed at increased reliability according to internal standards of private
providers, which hardly differ in content from the two specifically named ones.

International standards and specifications such as those of the IEC have the advantage that they are
developed in a transparent process involving all stakeholders.

The standards are also stable over time and generally accessible. Changes are made in a public pro-
cess. A particular advantage is that recognized certifiers issue certificates based on tests according to
IEC standards and specifications. These certificates make it possible to verify at a glance that the
complete test program has been completed.

5.22.1.3 Comparison between IEC TS 63209 and proprietary standards

This comparison refers to existing test reports for the 12 months prior to the publication of this
VDE SPEC.

Examination IEC TS 63209 PVEL

Temperature Cycling (TC) TC 600 TC 600

Damp Heat (DH) DH 2000 DH 2000

Mechanical Load SML2.400, DML1.000, TC50, HF10 SML2.400, DML1.000, TC50, HF10

uv DH200+3*(UV60, TC50, HF10) + DH1,000 + 3*(UV65, TC50, HF10) +
UVv6.5 UV6.5

PID 2*|EC61215:2021 (192h) 2*|IEC61215:2021 (192h)

LID + LeTID N/A 3*162h

Hail N/A D=50mm /v = 32m/s

Examination IEC 61215 PVEL

Diameter [mm] 25/35/45/55/65/75 50

Velocity 23,0/27,2/30,7/33,9/36,7/39,5 32,0
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5.22.2 Implementation
Specifications for testing/assessment in accordance with IEC TS 63209.

e BOM to be defined, especially encapsulant and front/rear cover

e Number of test specimens for each test sequence

e Pass/fail criterion STC Power loss for each test sequence

e EL error catalogue with pass/fail criteria for selected test sequences
5.23 Operating conditions with increased module temperature
5.23.1 Fundamentals

The test conditions of IEC 61215-1 and IEC 61730-1 are based on the assumption that the so-called
98th percentile temperature of Teg = 70° is reached for a maximum of 2% of the year, i.e. 172.5 hours.

Under certain installation conditions or in certain regions, higher Tog temperatures can be reached.
In IEC TS 63126, temperature levels 1 and 2 are defined as Tqg = 80° and Tyg = 90° respectively.

IEC TS 63126 does not define any new tests, but adapts the test sequences of the following standards
to the increased requirements:

e |EC61215
e |EC61730
e |EC 62788-1-7
e |EC 62788-2-1
e |EC 62852
e |EC 62790
5.23.2 Implementation
Specifications for testing in accordance with IEC TS 63126:
e BOM to be checked, especially encapsulant and front/back cover.
e Temperature level to be tested
5.24 Hail test
5.24.1 Fundamentals

The hail test of IEC 61215-2 stipulates a minimum load with test specimens of 25 mm diameter and a
speed of 23.0 m/s.

Depending on the place of use, it must be checked whether this resistance to hail is sufficient. IEC
61215-2 specifies a total of six load classes. The test report for the IEC 61215 certificate states the ice
ball diameter and impact velocity with which the PV module was tested.

Diameter [mm] Test speed [m/s]
25 23,0
35 27,2
45 30,7
55 33,9
65 36,7
75 39,5

If the hail test is not sufficient for a location in the course of product certification, an individual test in
accordance with IEC 61215-2, MQT17 can be carried out.

The pass/fail criteria of IEC 61215 are aimed at safety aspects. If performance or service life aspects
are to be taken into account, this must be agreed.
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5.24.2 Implementation
Specifications:

e BOM to be defined

e Test sharpness (diameter/test speed)

e Max. permissible loss of STC power

e EL imaging and, if applicable, EL error catalogue with pass/fail criteria
5.25 Non-uniform snow load test

The non-uniform snow load test is standardized in IEC 62938. Testing in accordance with IEC 62938
only makes sense in a few regions. For ground-mounted systems, this standard is only used very
rarely and then in very specific applications, so it is not considered in detail here. If this is carried out,
then a test can only be meaningfully carried out in relation to a specific object and a specific installa-
tion situation. In this case, an appropriate time and cost framework must be planned in good time.

5.26 Salt mist corrosion testing

Testing in accordance with the IEC 61701 standard for salt spray corrosion is useful for PV modules
used in a humid and corrosive environment where the module is exposed to salt. This applies in par-
ticular, when the modules are planned to be exposed close to the coastline and a major immersion of
salt and humidity is obvious.

This can be near the sea or other large bodies of water with salt water. However, installation, e.g. in
noise barriers at the roadside where road salt is used in winter, can also lead to salt contamination of
the PV modules.

Re-testing of project modules is rather unusual. As a rule, the certificate for an IEC 61701 test is re-
quested if required. Here too, an IEC 61701 certificate is only meaningful if the parts list of the test
specimen matches that of the PV modules supplied, at least for the components that may be exposed
to salt mist attack or direct saltwater wetting.

Depending on the specific exposure to salt corrosion, one of the test methods 5-8 may be useful to as-
sess the suitability of the PV modules. As a rule, methods five and six will be appropriate for stationary
mounted PV modules. Methods seven and eight have been developed for vehicles. Their direct ap-

plicability would therefore appear to be particularly useful if PV modules are used on vehicles or ships.
However, the choice of the appropriate method should always depend on a case-by-case assessment.

5.27 Ammonia corrosion testing

Testing according to the IEC 62716 standard for ammonium corrosion is useful for PV modules that
are used in an environment that is humid and corrosive with ammonia contamination. A retest of pro-
ject modules is rather uncommon. The total duration of the test is almost one month. As a rule, the
certificate for an IEC 62716 test will be requested if required. In this case too, an IEC 62716 certificate
is only meaningful if the BOM of the DUT matches that of the PV modules supplied, at least for the
components that may be exposed to ammonia attack.

6 Standard market QA schemes
6.1 Sample Testing

A standard market procedure has emerged for sample testing of PV modules in the area of small and
medium-sized ground-mounted systems.

The quantities are roughly based on ISO 2859 with level S-4 for STC power and EL and level S-1 for
the more complex tests. For systems up to 10 MWp, the scope is reduced below level S-1 with 3 test
specimens per test.

For reasons of practicality, the S-4 quantities are rounded to whole pallets so that the original packag-
ing can be used for transport to the laboratory.

In the case of large power plants, the number of test specimens is often reduced to a value below the
S-1 level for cost-intensive tests such as PID or LeTID.

In relation to the pure module costs, the costs are roughly estimated at between 2% for a 2 Mp system
and 0.2% for a 50 MWp system.
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Power STC EL P@200 W/m?2 STC back PID LeTID Crosslinking Peel-Off
MWp Pallets Pallets Piece Piece Piece Piece Piece Piece

2 1 1 3 3 3 3 3 3

10 1 1 3 3 3 3 3 3

20 2 2 5 5 5 5 5 5

50 3 3 8 8 8 8 8 8

The following pass/fail values must also be agreed:
e Average STC power in relation to the rating plate
¢ Relative efficiency at 200 W/mz (average)
e Minimum rear STC power in relation to the STC power according to the rating plate (average)

e Maximum loss of STC power in the PID test. It is recommended that no measurement uncer-
tainty is taken into account

e Maximum loss of STC power in the LeTID test. It is recommended that no measurement uncer-
tainty is taken into account

e Minimum degree of cross-linking. In order to agree on a criterion here, it is necessary to know
the embedding material

e Minimum pull-off force of the embedding material from the glass. This test is not required for
glass-glass modules

Note: This example is based on the practice of laboratory testing, as is currently common in the recipient country.

Further tables are provided in Annex B in order to fine-tune the quantities for both system-related and
batch-related testing.

6.2 Incoming goods on the construction site

Today, there is no standardized treatment of whether or not an incoming goods inspection is carried
out on the construction site.

One way would be to take a random sample per truck for incoming goods inspections at the construc-
tion site (e.g. visual inspection, 2 modules for power measurement and/or 5 modules for EL measure-
ment) The testing is sometimes not necessarily executed by an accredited laboratory.

Ultimately, all of this is dependent on contractual agreements between manufacturer and customer
and this leads to a large variety observed in the market today.

6.3 STC-power measurement with increased confidence

Project-specific reference modules can be used for large power plant projects. The fact that these are
almost identical to the test specimens reduces several contributions to the measurement uncertainty
and thus allows very economical low measurement uncertainties to be achieved.

The manufacturer produces at least five PV modules that are identical to the later products in terms of
the cells and the parts list. This must take place approx. 1-2 months before the start of production in
order to allow sufficient time for the calibration process. These modules must be completely free of mi-
crocracks. In addition, two test specimens must be produced for a spectral responsivity measurement
according to the specification of the selected calibration laboratory. The PV modules are stabilized by
the manufacturer.

The modules are sent to an ISO IEC 17025 accredited calibration laboratory, which can also offer a
spectral responsivity measurement in 10 nm steps.

Three of the modules are selected according to their suitability as reference modules (in the sense of
freedom from transport damage) and, if necessary, re-stabilized. For very large projects, it may make
sense to order several reference modules.

The STC power measurement at the front side is then carried out with high precision.

The maximum permissible measurement uncertainty (k=2) of the STC power is 1.4%.
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There are also calibration laboratories that offer precision measurements with a measurement uncer-
tainty of 1.1%, 1.0%, 0.9% and 0.8%. The costs rise sharply with every 0.1% step, so that an optimum
must be sought here.

One of the three modules is selected randomly and sent directly to the customer by the test laboratory,
while the others are sent to the manufacturer.

Of the two reference modules that the manufacturer receives, one is used to produce the silver refer-
ences that are used to calibrate the solar simulators in production. The manufacturer is responsible for
the correct realization of the front side measurement.

The other reference module must be kept in production. This module is used to calibrate the solar sim-
ulator in production, which is intended for remeasurement of the STC performance by a customer in-
spector. At the customer's discretion, this remeasurement can be organized with auxiliary equipment
in such a way that a front-only measurement is carried out by covering the rear sides. The test speci-
mens can either be removed from the warehouse or taken directly from production after the final
measurement. In relation to daily production, a daily random sample of level S-1 of ISO 2859 can be
taken for this control measurement.
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Annex A: Check-List

The Annex lists the customary or senseful characteristics of the above criteria for each section.

The characteristics that are either recommended by standards or represent an average characteristic
are shown in bold.

Clause Item Characteristics

5.1 5.1.21 Origin of reference module 0 WPVS calibration laboratory
STC power during pro- O  ISO/EC 17025 calibration laboratory
duction

O ISO/IEC 17025 test laboratory

Reference is traceable to:

Note:
Uncertainty of measurement of the la- | [0 max. 2,2%
boratory providing the reference mod- | 5 max. 1.5%
ule

O max. 1,0%
Golden reference module matches the | [ Yes
module and cell type, size and power O No

class (x 10 Wp)

Silver reference for use in production. J Yes
Witness calibration O No

Note:

Control procedure applied for the cor- O Yes

rect consideration of bifaciality O No

Silver Reference module matchesthe | [0 Yes

module and cell type, size and power- | 7 Ng

class (£ 10 W,

( P Note:

Data provided [J Calibration report of golden reference
[0 BOM of golden reference
O Handling of bifaciality
[0 Spectral responsivity (SR)
[0 BOM of silver reference
[0 Record of stabilisation process

Note:
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Clause Item Characteristics
5.1 5.1.2.2-51.25 Place of measurement 0 witness measurement in the accredited
STC power measure- laboratory in the production
ment after production O ISO/IEC 17025 accredited laboratory
pre-shipment
0 ISO/IEV 17025 accredited laboratory
post-shipment
OO0 Harbour test centre
0 ISO/IEC 17025 accredited laboratory
Mobile test device on construction site
O Mobile test device on construction site
O Other
Origin of reference module/ refer- 0 WPVS calibration laboratory
ence cell (WPVS cell) 0 ISO/EC 17025 calibration laboratory
J ISO/IEC 17025 test laboratory

Reference is traceable to:

Note:
Uncertainty of measurement of the O max. 2,2%
laboratory providing the reference O max. 1,8%
module/reference cell
O max. 1,5%
O max.1,0%
0 max. 0,5%
Uncertainty of measurement of the O  max. 7,0% (outdoor measurement only)
STC power measurements O max. 5,0% (outdoor measurement only)
O max. 3,0%
O max.2,2%
O max. 1,8%
O max. 1,5%
O Other:
Is the uncertainty of measurement 0 Yes
calculated or verified by an ISO/IEC O No
17025 accredited laboratory
Reference module matches the mod- | [0 Yes
ule and cell type, size and power 0O No

class (£ 10 Wp)

If no, is there a spectral mismatch correction

O
O

Yes
No
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Clause

Item

Characteristics

Data provided

oo og

Accreditation

Calibration report of golden reference
BOM of reference or Spectral responsiv-
ity or EQE

Handling of bifaciality

Record of stabilisation process

Sampling:

Ooooo|oo

ISO 2859-1, General Level |
ISO 2859-1, General Level Il
1ISO 2859-1, Level S4
Other:

Specification of how the test specimens are
selected:

Calculation of average STC power

The measurement uncertainty is
assumed to be 0% for a sample size
of more than 50 modules

[0 The measurement uncertainty of the
laboratory is multiplied by a factor of
1,65/2,00 before it is applied to the
measurement result

O The measurement uncertainty of the
laboratory is applied to the
measurement result

Cost for STC-measurement [0 Costs are borne by the supplier

[0 Costs are shared between supplier and
customer

[J Costs are borne by the customer

[J Other specification:

Note:
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Clause Item Characteristics
5.2 5221 Current O lsc
Electroluminescence O 10A
EL) during production
(EL) gp O Other:
Resolution of the Camera-Sen- | O min. 6 MPixel
sor O min. 12 MPixel
O min. 20 MPixel
EL-Reference module O Yes
O No
Sharpness class, IEC TS O NA
60904-13:2018, clause 4.2.1.2 O <05mm
00 <15mm
O =<50mm
Signal to noise ratio (SNR), O N/A
IEC TS 60904-13:2018, [0 SNRso 2 5 (outdoor)
clause 4.3 .
O SNRsp 2 15 (Industrial/process
control/QA)
SNRs = 45 (Laboratory/certification)
Access to EL images EL-images accessible for inspection
in the factory
0 EL-images provided for download daily
[0 EL-images provided for download
weekly
0 EL-images provided for download
after production run
N/A
Data provided 0 Accepted Temperature (ambient)
[J EL defect catalogue incl.
Pass/Fail criteria
0 Sharpness class
O SNR
OO0 EL image of EL-reference module
Defect catalogue 0 Suppliers catalogue (version)
[0 Catalogue agreed by the parties
(version)
Rate of modules free of animal- | 0 98%
ities O 99%
0O 99,5%
0O 99,8%

Note: (definition of anomalies)
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Clause

Item

Characteristics

5.2

5.222-5225
Electroluminescence (EL)
for QA

Location of the examination

Harbor/Warehouse
Construction site

After assembly

Service provider

O|ooog

Accredited third parties ISO 17020 or
17025

Other third party

By customer

Current

o oogjoao

Isc
10A
Other:

Resolution of the Camera-
Sensor

min. 6 MPixel
min. 12 MPixel
min. 20 MPixel

EL-Reference module

Yes
No

Sharpness class, IEC TS 60904-

13:2018, clause 4.2.1.2

N/A
<0,5mm
<1,5mm

<50mm

Signal to noise ratio (SNR), IEC
TS 60904-13:2018, clause 4.3

OoDo|joooo|oojodao

O

N/A
SNRs 2 5 (outdoor)

SNRso 2 15 (Industrial/process
control/QA)

SNRsp = 45 (Laboratory/certification)

Access to EL images

EL-images provided for download
daily

EL-images provided for download
weekly

EL-images provided for download
after the QA process.

N/A

Data provided

|

Accepted Temperature (ambient)

EL defect catalogue incl. Pass/Fail
criteria

Sharpness class
SNR

EL image of EL-reference module

Failure catalogue

([ I R 0 [ N I

|

Suppliers catalogue (version)

Catalogue agreed by the parties
(version)

Other:
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Clause

Item

Characteristics

5.3

Performance at low irradi-
ance
IEC 61215 MQT 07

Minimum value for nrez00

95%
96%
97%
98%
Other: %

Considered measurement uncer-

tainty

Oooo0 oooaogag

0,0%
0,5%
Other: %

Clause

Item

Characteristics

54

PID
IEC TS 62804-1

Method

Method A
Method B

Simplified procedure

Yes
No

Deviating parameters

ooojoo|oaoa

No
85°C, 85 RH, 96h
Specify:

Max. STC-power loss

2%
3%
5%

Uncertainty of measurement

[ R o A O 0 R

0%
0,5%
Other: _ %

Clause

Item

Characteristics

55

LeTID
IEC TS 63342:2022

Simplified procedure

Yes
No

Max. STC-power loss CID

1,0%
1,5%
2,0%
Other: %

Max. STC-power loss LeTID

1,0%
1,5%
2,0%
Other: %

Uncertainty of measurement

Oooo|joooogo|booo|oo

0%
0,5%
Other: %
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Clause Item Characteristics
5.6 LID Simplified procedure O Yes
IEC 61215 MQT 19 IEC TS 63342, clause 6.4 (CID) 0O No
Max. STC-power loss O 0,8%
O 1,0%
O 1,5%
O Other: %
Uncertainty of measurement 0O 0%
O 0,5%
O Other: %
Clause Iltem Characteristics
5.7 Crosslinking Simplified procedure O Yes
IEC 62788-1-6 0 No
Encapsulant O EVA
O POE
O EPE
O  mix
O NA
Crosslinking rate (material combi- | 0 65%
nation to be considered) O 70%
O 75%
O 80%
O 85%
0 Other: %
Uncertainty of measurement O 5%
OO0 Other: %
Clause Item Characteristics
5.8 Peel test Test sample O PV Module
Interface encapsulant- [0 Special test sample
glass Specification:
Measuring device 0 Hand-held device (drag indicator)
0 Automatic pull test
Relevant value OO0 Peak-value
0 Average value of peel-off plateau
Minimum peel-off force, 0 60 N/10mm
at 175° +/- 5° direction 0 80 N/10mm
N/10mm
[ ] 0 100 N/10mm
0 Other: N/10mm
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Clause Item Characteristics
5.9 Insulation test IEC 61215 | Max. system voltage O 1.000V
MQT 03 O 1.500V
O Other:
Simplified procedure O No
[0 Yes, specification:
Clause Item Characteristics
5.10 Wet Leakage Current Test | Max. system voltage O 1.000V
IEC 61215 MQT 15 0O 1.500V
O Other:
Permissible deviation of the water O zx2°C
temperature 0O +5°C
O +10°C
PASS Criterium O 40 MQ-m?
O 750 MQ
O 1.000 MQ-
O Other: MQ-m?
Testing incl. Connectors O Yes
submerged 0O No
Clause Item Characteristics
5.11 Connector Wet Leakage Max. system voltage J 1.000V
Current Test IEC 61215 O 1.500V
MQT 15
Q J Other:
Permissible deviation of the water | [0 +5°C
temperature O 15-30°C
PASS Criterium O 750 MQ
O 1.000 MQ-
O Other: MQ
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Clause Item Characteristics
5.12 Static mechanical load test | Is the mounting situation specified | [0 standard mounting situation according
IEC 61215 MQT 16 to installation manual of the
manufacturer:
O Yes, specification:

Positive test load, pressure
(+) (test load)

2.400 Pa
3.600 Pa
5.400 Pa
8.100 Pa
Other: Pa

Negative test load, suction
(-) (test load)

2.400 Pa
3.600 Pa
5.400 Pa
8.100 Pa
Other: Pa

Safety factor ym

1,25
15
2,0
2,5
Other:

Max. STC-power loss

1,0%
1,5%
2,0%
Other: %

EL acceptance criteria

I e e A A A O

none

Suppliers catalogue (version):

Catalogue agreed by the parties
(version):
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Clause Item Characteristics
5.13 Cyclic dynamic load test Is the mounting situation specified? | 0 No
IEC TS 62782:2016 0 Yes, specification:
Max. STC-power loss O 1,0%
O 1,5%
O 2,0%
O Other: %
EL acceptance criteria O none
OO0 Suppliers catalogue (version):
[0 Catalogue agreed by the parties
(version):
Clause Item Characteristics
5.14 Damp Heat Test BOM defined as in purchase O Yes
IEC 61215 MQT 13 contract O No
Max. STC-power loss after O 1,0%
DH1.000 O 15%
O 2,0
O Other: %
Extension O DH 1500
0 DH 2000
Max. STC-power loss after O 1,0%
extension O 15%
O 2,0%
[0 Other: %
Clause Iltem Characteristics
5.15 Temperature Cycling Test | BOM defined as in purchase O Yes
IEC 61215 MQT 11 contract 0O No
Max. STC-power loss after TC200 |0 1,0%
O 1,5%
O 2,0%
O Other: %
Extension O Tc400
O TCe600
O TC800
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Clause Item Characteristics
5.15 Temperature Cycling Test | Max. STC-power loss after O 1,0%
IEC 61215 MQT 11 extension O 15%
O 2,0%
O Other: %
Clause Item Characteristics
5.16 Humidity Freeze Test BOM defined as in purchase O Yes
IEC 61215 MQT 12 contract O No
Max. STC-power loss after HF10 O 1,0%
O 1,5%
O 2,0%
O Other: %
Extension O HF20
O HF30
O HF50
Max. STC-power loss after O 1,0%
extension O 1.5%
O 2,0%
O Other: %
Clause Item Characteristics
5.17 UV Test BOM defined as in purchase O Yes
IEC 61730 MQT 54 contract 0O No
Extension front side 0 60 kWh/m?2
O 90 kWh/m2
Max. STC-power loss after MQT 54 | I 1,5%
O 2,0%
O 2,5%
[ Other: %
Extension front side 0 120 kWh/m2
O 180 kWh/m2
O 1,5%
O 2,0%
O 3,0%
O Other: %
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Clause Item Characteristics
5.18 Bifacial Factor Number of DUT O 1
IEC TS 60904-1-2 0o 3
O 5
O Other:
bpmax 0O 95%
O 90%
0O 80%
O Other: %
¢|Sc O 95%
0O 90%
0O 80%
O Other: %
buoc O 95%
0O 90%
0O 80%
O Other: %
Clause Item Characteristics
5.19 Geometrical Product Specifi- | Is a GPS agreed O Yes
cation (GPS) 0 No
1ISO 1101
If yes, name document of specifica-
tion
Clause Item Characteristics
5.20 Energy rating Origin of parameters O  supplier
IEC 61853-1 J ISO/IEC 17025 test laboratory
0 ISO/IEC 17025 calibration laboratory
BOM specified O Yes
O No
Are Pass/Fall criteria agreed on? 0 Yes
O No
If yes, specify document with the criteria:
Energy rating Origin of parameters O  supplier
IEC 61853-2 0 ISO/IEC 17025 test laboratory
[0 ISO/IEC 17025 calibration laboratory
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Clause Item Characteristics

5.20 Energy rating BOM specified O Yes
IEC 61853-2 0 No
Are Pass/Fail criteria agreed on? 0 Yes
O No
If yes, specify document with the criteria:

Clause Item Characteristics

5.21 Visual Inspection (VI) Criteria O IEC 61215, MQTO1
[0 Criteria catalogue of the manufacturer

0 Project specific criteria catalogue

Note:
Place of the inspection 0 Production site

O Harbour, on arrival
0 Construction site, on arrival
O Other:

Clause Item Characteristics

5.22 Photovoltaic modules - Ex- | BOM defined O Yes

tended-stress testing, O No

IEC TS 63209-1

Number of DUT sequence 1

Number of DUT sequence 2

Number of DUT sequence 3

Ooooo|jb0booo|oogoogao
o

Other:
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Clause Item Characteristics
5.22 Photovoltaic modules - Ex- | Number of DUT sequence 4 o 2
tended-stress testing, O 3
IEC TS 63209-1
0O 5
O Other
Number of DUT sequence 5 o 2
0o 3
0O 5
O Other:
Max. STC-power loss after O 3,0%
sequence 1 0O 2.0%
O 1,5%
O Other: %
Max. STC-power loss after O 3,0%
sequence 2 0O 2.0%
O 15%
O Other: %
Max. STC-power loss after se- O 3,0%
guence 3 O 2,0%
O 1,5%
O Other: %
Max. STC-power loss after se- O 3,0%
guence 4 O 2,0%
O 1,5%
O Other: %
Max. STC-power loss after se- O 3,0%
quence 5 O 2.0%
O 1,5%
[0 Other: %
Clause Item Characteristics
5.23 Guidelines for qualifying BOM defined O Yes
PV modules, components O No
and materials for operation
at high temperatures
IEC TS 63126
Temperature Level 0 Temperature Level 0 < 70°C
[0 Temperature Level 1 < 80°C
0 Temperature Level 2 < 90°C
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Clause

Item

Characteristics

5.24

Hail Test
IEC 61215-2 MQT 17

BOM defined

Yes
No

Ice balls, diameter [mm]

25
35
45
55
65
75

Velocity[m/s]

23,0
27,2
30,7
33,9
36,7
39,5

Max. STC-power loss

0,8%
1,0%
1,5%
2,0%
Other: %

EL acceptance criteria

none

I e e e A I A A O

Suppliers catalogue (version):

|

Catalogue agreed by the parties
(version):

Clause

Item

Characteristics

5.25

Non-uniform snow load
test

IEC 62938

Applicable

O No
O Yes

Document of specification:
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Clause Item Characteristics
5.26 Salt mist corrosion testing | Applicable O No
IEC 61701 O Yes
Certificate No.:
Conformity of the BOM O No
O Yes
Test method O Method 5
O Method 6
O Method 7
O Method 8
Clause Item Characteristics
5.27 Ammonia corrosion testing | Applicable O No
IEC 62716 0 Yes
Certificate No.:
Conformity of the BOM O No
0 Yes
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Annex B: (informative) Optional Template for Suitable Random
Samples

Annex B provides an optional template for suitable random samples for both system-orientated and
batch-orientated testing. Batch-oriented random sampling is based on an assumed number of seven
batches. If there is a different number of product lots, the sample size can be easily adjusted by se-
lecting the values from a higher or lower row.

Within a field of the tables below, there is a choice between reduced, normal, and tightened inspec-

tion.

An inspection procedure can be agreed in which the normal level is started and, depending on the pro-
gress, the level is adjusted to reduced or tightened after at least three inspection rounds.

Table B 1 — Number of samples for power plant-oriented testing.

ened inspection level

Reduced, normal and tight-

STC EL \lj\//@nffo STC rear PID LeTID Wt cross link | Peel-Off
waived ([ U U (I U O U U U
MWp Pallets | Pallets Piece Piece Piece Piece Piece Piece Piece
2 1 1 a 2 o 2 o 2 a 2 a 2 a 2 o 2
o 3 o 3 o 3 o 3 O 3 O 3 O 3
o 4 O 4 o 4 o 4 o 4 o 4 o 4
20 o 1 0o 1 o 3 o 3 o 3 o 3 O 3 O 3 O 3
o 2 o 2 O 5 O 5 O 5 O 5 O 5 O 5 O 5
o 3 0o 3 o 8 O 8 o 8 O 8 O 8 O 8 O 8
50 o 2 o 2 O 5 O 5 O 5 O 5 O 5 O 5 O 5
o 3 0o 3 o 8 O 8 o 8 O 8 O 8 O 8 O 8
O 4 O 4 O 13 |O 13 O 13 (O 13 O 13 O 13 O 13
100 O 3 0o 3 O 8 O 8 O 8 O 8 O 8 O 8 O 8
O 4 O 4 O 13 |O 13 O 13 (O 13 O 13 O 13 O 13
O 5 O 5 O 20 |O 20 O 20 (O 20 O 20 O 20 O 20
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Table B 2 — Number of samples for batch-oriented testing. Reduced, normal and tightened in-
spection level

STC EL \lj\l?rrioo STCrear |PID LeTID Wi cross link | Peel-Off
waived O O O O O O O O O
MWp Piece Piece Piece Piece Piece Piece Piece Piece Piece
5 o 2 o 2 O 1 O 1 O 1 o 1 O 1 o 1 O 1
0O 3 O 3 O 2 O 2 O 2 O 2 o 2 O 2 o 2
0O 5 O 5 O 3 O 3 O 3 O 3 0 3 O 3 0 3
10 0o 3 o 3 o 2 o 2 O 1 o 1 O 1 o 1 O 1
0 b O 5 O 3 O 3 O 2 O 2 o 2 O 2 o 2
0o 8 O 8 O 5 O 5 O 3 O 3 0 3 O 3 0 3
20 O 5 O 5 o 3 o 3 o 2 o 2 o 2 o 2 o 2
O 8 O 8 O 5 O b5 O 3 O 3 O 3 O 3 0 3
0O 13 O 13 O 8 O 8 O 5 O 5 O 5 O 5 0 5
30 0O 8 O 8 O 3 o 3 o 2 o 2 o 2 o 2 o 2
0O 13 O 13 O 5 O b5 O 3 O 3 O 3 O 3 0 3
0O 20 O 20 O 8 O 8 O 5 O 5 O 5 O 5 0 5
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