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INTERNATIONAL ELECTROTECHNICAL COMMISSION 
____________ 

 
CRYSTALLINE SILICON TERRESTRIAL  

PHOTOVOLTAIC (PV) MODULES – 
DESIGN QUALIFICATION AND TYPE APPROVAL 

 
 

FOREWORD 
1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 

all national electrotechnical committees (IEC National Committees). The object of IEC is to promote 
international co-operation on all questions concerning standardization in the electrical and electronic fields. To 
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications, 
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC 
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested 
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely 
with the International Organization for Standardization (ISO) in accordance with conditions determined by 
agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence 
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in 
the latter. 

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any 
equipment declared to be in conformity with an IEC Publication. 

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of 
patent rights. IEC shall not be held responsible for identifying any or all such patent rights. 

International Standard IEC 61215 has been prepared by IEC technical committee 82: Solar 
photovoltaic energy systems. 

This second edition cancels and replaces thew first edition published in 1993 and constitutes 
a technical revision. 

The main changes with respect to the previous edition (published in 1993) are detailed in 
Annex A. 
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The text of this standard is based on the following documents: 

FDIS Report on voting 

82/376/FDIS 82/382/RVD 

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2. 

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

• reconfirmed, 
• withdrawn, 
• replaced by a revised edition, or 
• amended. 
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CRYSTALLINE SILICON TERRESTRIAL  
PHOTOVOLTAIC (PV) MODULES – 

DESIGN QUALIFICATION AND TYPE APPROVAL 
 
 
 

1 Scope and object 

This International Standard lays down IEC requirements for the design qualification and type 
approval of terrestrial photovoltaic modules suitable for long-term operation in general open-
air climates, as defined in IEC 60721-2-1. It applies only to crystalline silicon modules types. 
A standard for thin-film modules has been published as IEC 61646. 

This standard does not apply to modules used with concentrated sunlight. 

The object of this test sequence is to determine the electrical and thermal characteristics of 
the module and to show, as far as is possible within reasonable constraints of cost and 
time, that the module is capable of withstanding prolonged exposure in climates described 
in the scope. The actual lifetime expectancy of modules so qualified will depend on their 
design, their environment and the conditions under which they are operated. 

2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

IEC 60068-1:1988, Environmental testing – Part 1: General and guidance 

IEC 60068-2-21:1999, Environmental testing – Part 2-21: Tests – Test U: Robustness of 
terminations and integral mounting devices 

IEC 60068-2-78:2001, Environmental testing – Part 2-78: Tests – Test Cab: Damp heat, 
steady state 

IEC 60410:1973, Sampling plans and procedures for inspection by attributes 

IEC 60721-2-1:1982, Classification of environmental conditions – Part 2: Environmental 
conditions appearing in nature – Temperature and humidity 

IEC 60891:1987, Procedures for temperature and irradiance corrections to measured I-V 
characteristics of crystalline silicon photovoltaic devices  
Amendment 1 (1992) 

IEC 60904-1:1987, Photovoltaic devices – Part 1: Measurements of photovoltaic current-
voltage characteristics 

IEC 60904-2:1989, Photovoltaic devices – Part 2: Requirements for reference solar cells 

IEC 60904-3:1989, Photovoltaic devices – Part 3: Measurement principles for terrestrial 
photovoltaic (PV) solar devices with reference spectral irradiance data 
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IEC 60904-6:1994, Photovoltaic devices – Part 6: Requirements for reference solar modules 

IEC 60904-7:1998, Photovoltaic devices – Part 7: Computation of spectral mismatch error 
introduced in the testing of a photovoltaic device 

IEC 60904-9:1995, Photovoltaic devices – Part 9: Solar simulator performance requirements 

IEC 60904-10:1998, Photovoltaic devices – Part 10: Methods of linearity measurements 

IEC 61853: Performance testing and energy rating of terrestrial photovoltaic (PV) modules 1 

ISO/IEC 17025:1999, General requirements for competence of testing and calibration 
laboratories. 

3 Sampling 

Eight modules for qualification testing (plus spares as desired) shall be taken at random from 
a production batch or batches, in accordance with the procedure given in IEC 60410. The 
modules shall have been manufactured from specified materials and components in 
accordance with the relevant drawings and process sheets and have been subjected to the 
manufacturer's normal inspection, quality control and production acceptance procedures. The 
modules shall be complete in every detail and shall be accompanied by the manufacturer's 
handling, mounting and connection instructions, including the maximum permissible system 
voltage. 

If the bypass diodes are not accessible in the standard modules, a special sample can be 
prepared for the bypass diode thermal test (10.18). The bypass diode should be mounted 
physically as it would be in a standard module, with a thermal sensor placed on the diode as 
required in 10.18.2. This sample does not have to go through the other tests in the 
sequence depicted in Figure 1. 

When the modules to be tested are prototypes of a new design and not from production, this 
fact shall be noted in the test report (see Clause 8). 

4 Marking 

Each module shall carry the following clear and indelible markings: 

– name, monogram or symbol of manufacturer; 
– type or model number; 
– serial number; 
– polarity of terminals or leads (colour coding is permissible); 
– maximum system voltage for which the module is suitable. 

The date and place of manufacture shall be marked on the module or be traceable from the 
serial number. 

___________ 
1 Under consideration. 
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5 Testing 

Before beginning the testing, all modules, including the control, shall be exposed to sunlight 
(either real or simulated) to an irradiation level of 5 kWh⋅m–2 to 5,5 kWh⋅m–2 while open-
circuited.  

The modules shall be divided into groups and subjected to the qualification test sequences 
in Figure 1, carried out in the order laid down. Each box refers to the corresponding 
subclause in this standard. Test procedures and severities, including initial and final 
measurements where necessary, are detailed in Clause 10. 

NOTE 1 Where the final measurements for one test serve as the initial measurements for the next test in the 
sequence, they need not be repeated. In these cases, the initial measurements are omitted from the test. 

In carrying out the tests, the tester shall strictly observe the manufacturer's handling, 
mounting and connection instructions. Tests given in 10.4, 10.5, 10.6 and 10.7 may be 
omitted if future IEC 61853 has been or is scheduled to be run on this module type. 

Test conditions are summarized in Table 1. 

NOTE 2 The test levels in Table 1 are the minimum levels required for qualification. If the laboratory and the 
module manufacturer agree, the tests may be performed with increased severities. 

6 Pass criteria 

A module design shall be judged to have passed the qualification tests, and therefore to be 
IEC type approved, if each test sample meets all the following criteria: 

a) the degradation of maximum output power does not exceed the prescribed limit after each 
test nor 8 % after each test sequence; 

b) no sample has exhibited any open circuit during the tests; 
c) there is no visual evidence of a major defect, as defined in Clause 7; 
d) the insulation test requirements are met after the tests; 
e) the wet leakage current test requirements are met at the beginning and the end of each 

sequence and after the damp heat test; 
f) specific requirements of the individual tests are met. 

If two or more modules do not meet these test criteria, the design shall be deemed not to 
have met the qualification requirements. Should one module fail any test, another two 
modules meeting the requirements of Clause 3 shall be subjected to the whole of the relevant 
test sequence from the beginning. If one or both of these modules also fail, the design shall 
be deemed not to have met the qualification requirements. If, however, both modules pass the 
test sequence, the design shall be judged to have met the qualification requirements. 

7 Major visual defects 

For the purposes of design qualification and type approval, the following are considered to be 
major visual defects: 

a) broken, cracked, or torn external surfaces, including superstrates, substrates, frames and 
junction boxes; 
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b) bent or misaligned external surfaces, including superstrates, substrates, frames and 
junction boxes to the extent that the installation and/or operation of the module would be 
impaired. 

c) a crack in a cell the propagation of which could remove more than 10 % of that cell's area 
from the electrical circuit of the module; 

d) bubbles or delaminations forming a continuous path between any part of the electrical 
circuit and the edge of the module; 

e) loss of mechanical integrity, to the extent that the installation and/or operation of the 
module would be impaired. 

8 Report 

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

a) a title; 
b) name and address of the test laboratory and location where the tests were carried out; 
c) unique identification of the certification or report and of each page; 
d) name and address of client, where appropriate; 
e) description and identification of the item tested; 
f) characterization and condition of the test item; 
g) date of receipt of test item and date(s) of test, where appropriate; 
h) identification of test method used; 
i) reference to sampling procedure, where relevant; 
j) any deviations from, additions to or exclusions from the test method, and any other 

information relevant to a specific tests, such as environmental conditions;  
k) measurements, examinations and derived results supported by tables, graphs, sketches 

and photographs as appropriate including temperature coefficients of short-circuit current, 
open-circuit voltage and peak power, NOCT, power at NOCT, STC and low irradiance, 
spectrum of the lamp used for the UV pre-screening test, maximum power loss observed 
after all of the tests, and any failures observed; 

l) a statement of the estimated uncertainty of the test results (where relevant); 
m) a signature and title, or equivalent identification of the person(s) accepting responsibility 

for the content of the certificate or report, and the date of issue; 
n) where relevant, a statement to the effect that the results relate only to the items tested; 
o) a statement that the certificate or report shall not be reproduced except in full, without the 

written approval of the laboratory.  

A copy of this report shall be kept by the manufacturer for reference purposes. 
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Preconditioning

5 kWh·m-2

10.1
Visual inspection

10.2
Maximum power

determination

10.3
Insulation test

10.15
Wet leakage current test

10.10
UV Preconditioning test

15 kWh·m-2

10.11
Thermal cycling test

50 cycles
-40 °C to + 85 °C

10.12
Humidity freeze test

10 cycles
-40 °C to + 85°C

85 % RH

10.14
Robustness of

terminations test

10.11
Thermal cycling test

200 cycles
-40 °C to + 85 °C

10.13 
Damp heat test 

1000 h 
85 °C 

85 % RH 

10.15 
Wet leakage current 

test 

10.17 
Hail test 

10.16
Mechanical 
load test

10.14 
Measurement of 

temperature coefficients 
(see note 1) 

10.5 
NOCT 

(see note 2) 

10.6 
Performance 

at STC and NOCT (1) 

10.7 
Performance 

at low irradiance (1) 

10.8 
Outdoor exposure test 

60 kWh·m-2 

10.18 
Bypass diode 
thermal test 
(see note 3) 

10.9 
Hot-spot 

endurance test 

Repeat test
10.15

Wet leakage current test

8 Modules

1 Module 1 Module 2 Modules 2 Modules 2 Modules 

1 Module 1 Module 

1 Module

1 Module

Control 

IEC   584/05 

 

NOTE 1 May be omitted if IEC 61853 has been performed. 

NOTE 2 In the case of modules not designed for open-rack mounting, the NOCT may be replaced by the 
equilibrium mean solar cell junction temperature in the standard 

Figure 1 – Qualification test sequence 
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Table 1 – Summary of test levels 

Test Title Test conditions 

10.1 Visual inspection See detailed inspection list in 10.1.2 

10.2 Maximum power determination See IEC 60904-1 

10.3 Insulation test Dielectric withstand at 1 000 V d.c. + twice the maximum 
systems voltage for 1 min.  

For modules with an area of less than 0,1 m2 the insulation 
resistance shall be not less than 400 MΩ. For modules with 
an area larger than 0,1 m2, the measured insulation 
resistance times the area of the module shall be not less 
than 40 MΩ⋅m2 measured at 500 V or maximum systems 
voltage, whichever is greater 

10.4 Measurement of temperature 
coefficients (see note 1) 

See details in 10.4 

See IEC 60904-10 for guidance. 

10.5  Measurement of NOCT 
(see note 1) 

Total solar irradiance: 800 W.m–2 

Ambient temperature: 20 °C 

Wind speed: 1 m.s–1 

10.6 Performance at STC and NOCT 
(see note 1) 

Cell temperature: 25 °C and NOCT 

Irradiance: 1000 and 800 W.m–2 with IEC 60904-3 reference 
solar spectral irradiance distribution  

10.7 Performance at low irradiance 
(see note 1) 

Cell temperature: 25 °C 

Irradiance:200 W.m–2 with IEC 60904-3 reference 

solar spectral irradiance distribution 

10.8 Outdoor exposure test 60 kWh.m–2 total solar irradiation 

10.9 Hot-spot endurance test Five-hour exposure to 1 000 W.m–2 irradiance in worst-case 
hot-spot condition 

10.10 UV preconditioning 15 kWh⋅m-2 total UV irradiation in the wavelength range from 
280 nm to 385 nm with 5 kWh⋅m–2 UV irradiation in the 
wavelength range from 280 nm to 320 nm 

10.11 Thermal cycling test 50 and 200 cycles from –40 °C to + 85 °C with STC peak 
power current during 200 cycles 

10.12 Humidity freeze test 10 cycles from + 85 °C, 85 % RH to –40 °C 

10.13 Damp heat test 1 000 h at + 85 °C, 85 % RH 

10.14 Robustness of termination test As in IEC 60068-2-21 

10.15 Wet leakage current test See details in 10.15 

For modules with an area of less than 0,1 m2 the insulation 
resistance shall be not less than 400 MΩ. For modules with 
an area larger than 0,1 m2 the measured insulation 
resistance times the area of the module shall be not less 
than 40 MΩ⋅m2 to be measured at 500 V or maximum 
systems voltage, whichever is greater 

10.16 Mechanical load test Three cycles of 2 400 Pa uniform load, applied for 1 h to front 
and back surfaces in turn.  

Optional snow load of 5 400 Pa during last front cycle 

10.17 Hail test 25 mm diameter ice ball at 23,0 m⋅s–1, directed at 11 impact 
locations 

10.18 Bypass diode thermal test One hour at Isc and 75 °C 

One hour at 1,25 times Isc and 75 °C 
 

NOTE 1 These tests may be omitted if future IEC 61853 has been performed on this module type. 
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9 Modifications 

Any change in the design, materials, components or processing of the module may require a 
repetition of some or all of the qualification tests to maintain type approval. 

10 Test procedures 

10.1 Visual inspection 

10.1.1 Purpose 

To detect any visual defects in the module. 

10.1.2 Procedure 

Carefully inspect each module under an illumination of not less than 1 000 lux for the 
following conditions: 

– cracked, bent, misaligned or torn external surfaces; 
– broken cells; 
– cracked cells; 
– faulty interconnections or joints; 
– cells touching one another or the frame; 
– failure of adhesive bonds; 
– bubbles or delaminations forming a continuous path between a cell and the edge of the 

module; 
– tacky surfaces of plastic materials; 
– faulty terminations, exposed live electrical parts; 
– any other conditions which may affect performance. 

Make note of and/or photograph the nature and position of any cracks, bubbles or 
delaminations, etc. which may worsen and adversely affect the module performance in 
subsequent tests. 

10.1.3 Requirements 

Visual conditions other than the major visual defects listed in Clause 7 are acceptable for the 
purposes of type approval. 

10.2 Maximum power determination 

10.2.1 Purpose 

To determine the maximum power of the module before and after the various environmental 
tests. Repeatability of the test is the most important factor. 

10.2.2 Apparatus 

a) A radiant source (natural sunlight or a solar simulator class B or better in accordance with 
IEC 60904-9). 
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b) A PV reference device in accordance with IEC 60904-2 or IEC 60904-6. If a class B 
simulator is used the reference device shall be a reference module of the same size with 
the same cell technology (to match spectral response) as the test specimen. 

c) A suitable mount for supporting the test specimen and the reference device in a plane 
normal to the radiant beam. 

d) A means for monitoring the temperature of the test specimen and the reference device to 
an accuracy of ±1 °C and repeatability of ±0,5 °C. 

e) Equipment for measuring the current of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading; 

f) Equipment for measuring the voltage of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading. 

10.2.3 Procedure 

Determine the current-voltage characteristic of the module in accordance with IEC 60904-1 
at a specific set of irradiance and temperature conditions (a recommended range is a 
cell temperature between 25 °C and 50 °C and an irradiance between 700 W ⋅m–2 and 
1 100 W ⋅m–2) using natural sunlight or a class B or better simulator conforming to the 
requirements of IEC 60904-9. In special circumstances when modules are designed for 
operation under a different range of conditions, the current-voltage characteristics can be 
measured using temperature and irradiance levels similar to the expected operating 
conditions. Temperature and irradiance corrections can be made in accordance with 
IEC 60891 in order to compare sets of measurements made on the same module before and 
after environmental tests. However, every effort should be made to assure that peak power 
measurements are made under similar operating conditions, that is minimize the magnitude of 
the correction by making all peak power measurements on a particular module at 
approximately the same temperature and irradiance. Repeatability of the maximum power 
measurement must be better than ±1 %. 

NOTE Use the control module as a check every time the test modules are measured. 

10.3 Insulation test 

10.3.1 Purpose 

The purpose is to determine whether or not the module is sufficiently well-insulated between 
current-carrying parts and the frame or the outside world. 

10.3.2 Apparatus 

a) DC voltage source, with current limitation, capable of applying 500 V or 1 000 V plus twice 
the maximum system voltage of the module according to 10.3.4 c). 

b) An instrument to measure the insulation resistance. 

10.3.3 Test conditions  

The test shall be made on modules at ambient temperature of the surrounding atmosphere 
(see IEC 60068-1) and in a relative humidity not exceeding 75 %. 
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10.3.4 Procedure  

a) Connect the shorted output terminals of the module to the positive terminal of a 
d.c. insulation tester with a current limitation. 

b) Connect the exposed metal parts of the module to the negative terminal of the tester. 
If the module has no frame or if the frame is a poor electrical conductor, wrap a conductive 
foil around the edges and over the back of the module. Connect the foil to the negative 
terminal of the tester. 

c) Increase the voltage applied by the tester at a rate not exceeding 500 V⋅s–1 to a maximum 
equal to 1 000 V plus twice the maximum system voltage (i.e. the maximum system 
voltage marked on the module by the manufacturer). If the maximum system voltage does 
not exceed 50 V, the applied voltage shall be 500 V. Maintain the voltage at this level for 
1 min. 

d) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to 
discharge the voltage build-up in the module. 

e) Remove the short circuit. 

f) Increase the voltage applied by the test equipment at a rate not to exceed 500 V⋅s–1 to 
500 V or the maximum system voltage for the module, whichever is greater. Maintain the 
voltage at this level for 2 min. Then determine the insulation resistance. 

g) Reduce the applied voltage to zero and short-circuit the terminals of the test equipment to 
discharge the voltage build-up in the module. 

h) Remove the short circuit and disconnect the test equipment from the module. 

NOTE If the module does not have a metal frame nor a glass superstrate, the insulation test should be repeated 
with the metallic plate placed on the front of the module as in 10.3.4b).  

10.3.5 Test requirements  

The following requirements are necessary: 

– no dielectric breakdown or surface tracking during step c); 
– for modules with an area of less than 0,1 m2 the insulation resistance shall be not less 

than 400 MΩ;  
– for modules with an area larger than 0,1 m2 the measured insulation resistance times the 

area of the module shall be not less than 40 MΩ⋅m2. 

10.4 Measurement of temperature coefficients 

10.4.1 Purpose  

The purpose is to determine the temperature coefficients of current (α), voltage (β) and peak 
power (δ) from module measurements. The coefficients so determined are valid at the 
irradiance at which the measurements were made. See IEC 60904-10 for evaluation of 
module temperature coefficients at different irradiance levels. 

10.4.2 Apparatus 

The following apparatus is required to control and measure the test conditions: 

a) a radiant source (natural sunlight or solar simulator, class B or better in accordance with 
IEC 60904-9) of the type to be used in subsequent tests; 
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b)  a PV reference device having a known short-circuit current versus irradiance characteristic 
determined by calibrating against an absolute radiometer in accordance with IEC 60904-2 
or IEC 60904-6; 

c)  any equipment necessary to change the temperature of the test specimen over the range 
of interest; 

d) a suitable mount for supporting the test specimen and the reference device in the same 
plane normal to the radiant beam; 

e) a means for monitoring the temperature of the test specimen and reference device to an 
accuracy of ±1 °C, and repeatability of ±0,5 °C; 

f) equipment for measuring the current of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading; 

g) equipment for measuring the voltage of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading; 

10.4.3 Procedure 

There are two acceptable procedures for measuring the temperature coefficients. 

10.4.3.1 Procedure in natural sunlight 
a) Measurement in natural sunlight shall only be made when: 

– the total irradiance is at least as high as the upper limit of the range of interest;  
– the irradiance variation caused by short-term oscillations (clouds, haze, or smoke) is 

less than ±2 % of the total irradiance as measured by the reference device; 

– the wind speed is less than 2 m⋅s–1. 
b) Mount the reference device co-planar with the test module so that both are normal to the 

direct solar beam within ±5°. Connect to the necessary instrumentation. 
NOTE The measurements described in the following subclauses should be made as expeditiously as possible 
within a few hours on the same day to minimize the effect of changes in the spectral conditions. If not, spectral 
corrections may be required. 

c) If the test module and reference device are equipped with temperature controls, set the 
controls at the desired level.  

d) If temperature controls are not used, shade the specimen and the reference device from 
the sun and wind until its temperature is uniform within ±1 °C of the ambient air 
temperature, or allow the test specimen to equilibrate to its stabilized temperature, or cool 
the test specimen to a point below the required test temperature and then let the module 
warm up naturally. The reference device should also stabilize within ±1 °C of its 
equilibrium temperature before proceeding. 

e) Record the current-voltage characteristic and temperature of the specimen concurrently 
with recording the short-circuit current and temperature of the reference device at the 
desired temperatures. If necessary, make the measurements immediately after removing 
the shade. 

f)  The irradiance Go shall be calculated in accordance with IEC 60891 from the measured 
current (Isc) of the PV reference device, and its calibration value at STC (Irc). A correction 
should be applied to account for the temperature of the reference device Tm using the 
specified temperature coefficient of the reference device α rc.  
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 where α rc is the relative temperature coefficient [1/°C] at 25 °C and 1 000 W/m2. 
g) Adjust the temperature by means of a controller or alternately exposing and shading the 

test module as required to achieve and maintain the desired temperature. Alternately, the 
test module may be allowed to warm-up naturally with the data recording procedure of 
item d) performed periodically during the warm-up. 

h) Ensure that the test module and reference device temperature are stabilized and remain 
constant within ±1 °C and that the irradiance as measured by the reference device 
remains constant within ±1 % during the recording period for each data set. All data must 
be taken at 1 000 W ⋅m–2 or be translated to that irradiance level. 

i) Repeat steps d) through h). Module temperatures shall be such that the range of interest 
is at least 30 °C and that it is spanned in at least four approximately equal increments. 
A minimum of three measurements shall be made at each of the test conditions. 

10.4.3.2 Procedure with a solar simulator 

a) Determine the short-circuit current of the module at the desired irradiance at room 
temperature, in accordance with IEC 60904-1. 

b) Mount the test module in the equipment used to change the temperature. Mount the PV 
reference device within the simulator beam. Connect to the instrumentation. 

c) Set the irradiance so that the test module produces the short-circuit current determined in 
item a). Use the PV reference device to maintain this irradiance setting throughout the 
test. 

d) Heat or cool the module to a temperature of interest. Once the module has reached the 
desired temperature, measure Isc, Voc and peak power. Change the module temperature 
in steps of approximately 5 °C over a range of interest of at least 30 °C and repeat the 
measurements of Isc, Voc and peak power. 

NOTE The complete current-voltage characteristic may be measured at each temperature to determine the 
temperature change in voltage at peak power and current at peak power. 

10.4.3.3 Calculation of temperature coefficients 

a) Plot the values of Isc, Voc and Pmax as functions of temperature and construct a least-
squares-fit curve through each set of data. 

b) From the slopes of the least squares fit straight lines for current, voltage and Pmax, 
calculate α, the temperature coefficient of short circuit current, β, the temperature 
coefficient of open-circuit voltage, and δ, the temperature coefficient of Pmax, for the 
module. 

NOTE 1 See IEC 60904-10 to determine if the test modules can be considered to be linear devices. 

NOTE 2 The temperature coefficients measured in this procedure are only valid at the irradiance level at which 
they were measured. Relative temperature coefficients expressed as percentages can be determined by dividing 
the calculated α , β, and δ by the values of current, voltage and peak power at 25 °C. 

NOTE 3 Because the fill factor of the module is a function of temperature, it is not sufficient to use the product of 
α  and β as the temperature coefficient of peak power.  
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10.5 Measurement of nominal operating cell temperature (NOCT) 

10.5.1 Purpose 

To determine the NOCT of the module. 

10.5.2 Introduction 

NOCT is defined as the equilibrium mean solar cell junction temperature within an open- rack 
mounted module in the following standard reference environment (SRE): 

– tilt angle: 45° from the horizontal 

– total irradiance: 800 W ⋅m–2 
– ambient temperature: 20 °C 

– wind speed: 1 m⋅s–1 
– electrical load: nil (open circuit). 

NOCT can be used by the system designer as a guide to the temperature at which a module 
will operate in the field and it is therefore a useful parameter when comparing the 
performance of different module designs. However, the actual operating temperature at any 
particular time is affected by the mounting structure, irradiance, wind speed, ambient 
temperature, sky temperature and reflections and emissions from the ground and nearby 
objects. For accurate performance predictions, these factors shall be taken into account. 

Two methods for determining NOCT are described. 

The first, called "the primary method", is universally applicable to all PV modules. In the case 
of modules not designed for open-rack mounting, the primary method may be used to 
determine the equilibrium mean solar cell junction temperature in the SRE, with the module 
mounted as recommended by the manufacturer. 

The second, called "the reference-plate method", is faster but is applicable only to PV 
modules of the type which respond to changes of ambient temperature (within restricted 
ranges of wind speed and irradiance) in the same way as the reference plates used in the 
measurement. Crystalline silicon modules with a glass front and plastic back are in this 
category. The reference plates are calibrated using the same procedure as in the primary 
method. 

10.5.3 Primary method 

10.5.3.1 Principle 

This method is based on gathering actual measured cell temperature data under a range of 
environmental conditions including the SRE. The data are presented in a way that allows 
accurate and repeatable interpolation of the NOCT. 

The temperature of the solar cell junction (TJ) is primarily a function of the ambient 
temperature (Tamb), the average wind speed (V) and the total solar irradiance (G) incident on 
the active surface of the module. The temperature difference (TJ – Tamb) is largely 
independent of the ambient temperature and is essentially linearly proportional to the 
irradiance at levels above 400 W ⋅m–2. The procedure calls for plotting (TJ – Tamb) against G 
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for a period when wind conditions are favorable. A preliminary NOCT value is then determined 
by adding 20 °C to the value of (TJ – Tamb) interpolated at the SRE irradiance of 800 W⋅m–2. 
Finally, a correction factor, dependent on the average temperature and wind speed during the 
test period, is added to the preliminary NOCT to correct it to 20 °C and 1 m⋅s–1. 

10.5.3.2 Apparatus  

The following apparatus is required: 

a) an open rack to support the test module(s) and pyranometer in the specified manner (see 
10.5.3.3). The rack shall be designed to minimize heat conduction from the modules and 
to interfere as little as possible with the free radiation of heat from their front and back 
surfaces; 
NOTE In the case of modules not designed for open-rack mounting, the test module(s) should be mounted as 
recommended by the manufacturer. 

b) a pyranometer, mounted in the plane of the module(s) and within 0,3 m of the test array; 

c) instruments to measure wind speed down to 0,25 m⋅s–1 and wind direction, installed 
approximately 0,7 m above the top of the module(s) and 1,2 m to the east or west; 

d) an ambient temperature sensor, with a time constant equal to or less than that of the 
module(s), installed in a shaded enclosure with good ventilation near the wind sensors; 

e) cell temperature sensors, attached by solder or thermally conductive adhesive to the 
backs of two solar cells near the middle of each test module, or other equipment 
necessary for IEC-approved measurement of cell temperature; 

f) a data acquisition system with temperature measurement accuracy of ±1 °C to record the 
following parameters within an interval of no more than 5 s: 
– irradiance, 
– ambient temperature, 
– cell temperature, 
– wind speed, 
– wind direction. 

10.5.3.3 Test module mounting 

Tilt angle: the test module(s) shall be positioned so that it (they) is (are) tilted at 45° ± 5° to 
the horizontal with the front side pointed toward the equator. 

Height: the bottom edge of the test module(s) shall be 0,6 m or more above the local 
horizontal plane or ground level. 

Configuration: to simulate the thermal boundary conditions of modules installed in an array, 
the test module(s) shall be mounted within a planar surface that extends at least 0,6 m 
beyond the module(s) in all directions. For modules designed for free-standing, open-back 
installations, black aluminum plates or other modules of the same design shall be used to 
fill out the remaining open area of the planar surface. 
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Surrounding area: there shall be no obstructions to prevent full irradiance of the test 
module(s) during the period from 4 h before local solar noon to 4 h after local solar noon. 
The ground surrounding the module(s) shall not have an abnormally high solar reflectance 
and shall be flat and level or sloping away from the test fixture in all directions. Grass, other 
types of vegetation, black asphalt or dirt are acceptable for the local surrounding area. 

10.5.3.4 Procedure 

a) Set up the apparatus with the test module(s), as described in 10.5.3.3. Ensure that the 
test module(s) are open-circuited. 

b) On a suitable, clear, sunny day with little wind, record, as a function of time, the cell 
temperature, the ambient temperature, the irradiance, wind speed and wind direction. 

c) Reject all data taken during the following conditions: 

– irradiance below 400 W⋅m–2; 
– in a 10-min interval after the irradiance varies by more than 10 % from the maximum 

value to the minimum value recorded during that 10 min period; 

– wind speeds outside the range 1 m⋅s–1 ± 0,75 m⋅s–1; 
– ambient temperatures outside the range 20 °C ± 15 °C or varying by more than 5 °C 

from the maximum to the minimum value recorded during one data collection run; 

– in a 10-min interval after a wind gust of more than 4 m⋅s–1; 
– wind direction within ±20° of east or west. 

d)  From a minimum of 10 acceptable data points covering an irradiance range of at least 
300 W ⋅m–2, making sure that data points are from both before and after solar noon, plot 
(TJ – Tamb) as a function of irradiance. Use regression analysis to fit the data points. 

e) Determine the value of (TJ – Tamb) at 800 W ⋅m–2 and add 20 °C to give the preliminary 
value of NOCT. 

f) Calculate the average ambient temperature, Tamb, and the average wind speed, V, 
associated with the acceptable data points and determine the appropriate correction factor 
from Figure 2. 

g) Add the correction factor to the preliminary NOCT to correct it to 20 °C and 1 m⋅s–1. This 
sum is the NOCT of the module. 

h) Repeat the entire procedure on two additional days and average the three values of NOCT 
for each test module. 

10.5.4 Reference-plate method 

10.5.4.1 Principle 

This method is based on the principle of comparing the temperature of the test module(s) with 
that of standard reference plates under the same conditions of irradiance, ambient 
temperature and wind speed. The steady-state temperature of the reference plate in the SRE 
is determined using the primary method described in 10.5.3. 
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The NOCT of the test module is obtained by correcting the temperature difference between 
the test module and the reference plates to the SRE and adding this value to the mean 
steady-state temperature of the reference plates in the SRE. It has been established that 
the measured temperature difference is insensitive to fluctuations in irradiance and to small 
changes in ambient temperature and wind speed. 

10.5.4.2 Reference plate  

The reference plates shall be made of hard aluminum alloy to the dimensions shown in 
Figure 3. The front surface shall be painted matte black and the back surface gloss white. 
Means shall be provided for measuring the temperature of the reference plates to the required 
accuracy. One method employing two thermocouples is shown in Figure 3. One thermocouple 
is cemented into each branch of the milled groove with thermally conductive and electrically 
insulating adhesive, after removing any insulation for a distance of 25 mm from the junction. 
The remainder of the thermocouple wires are finally cemented into the groove with conductive 
putty. 

At least three reference plates shall be made and calibrated, using the primary method 
described in 10.5.3. The steady-state temperatures so determined shall be within the range 
46 °C to 50 °C and shall differ by no more than 1 °C. One of the reference plates shall be kept 
unused as a control. Before making a NOCT measurement, the steady-state temperatures of 
the reference plates shall be checked against that of the control plate under the acceptable 
conditions indicated in item c) of 10.5.3.4 to detect any change in their thermal properties. If 
the measured temperatures of the reference plates differ by more than 1 °C, the reason for 
this shall be investigated and necessary corrective action taken before proceeding with the 
test. 

10.5.4.3 Test site 

Select a flat test site with negligible wind disturbance from buildings, trees and 
topographical features. Non-uniform reflections from the ground and objects behind the test 
plane shall be avoided. 

10.5.4.4 Apparatus  

The following apparatus is required (see Figure 4). 

a) A number of reference plates, as described in 10.5.4.2 (one more than the number of 
modules to be tested simultaneously). 

b) A pyranometer or a PV reference device. 
c) An open rack to support the test module(s), reference plates and pyranometer tilted at 45° 

± 5° to the horizontal with the front side toward the equator. Each module shall be closely 
flanked by two reference plates with the lower edge of the module(s) approximately 1 m 
above the ground. The rack shall be designed to minimize heat conduction from the 
module(s) and plates and to interfere as little as possible with the free radiation of heat 
from their front and back surfaces. 

d) Instruments to measure wind speed down to 0,25 m⋅s–1 and wind direction, installed 
approximately 0,7 m above the top of the module(s) and 1,2 m to the east or west, as 
shown in Figure 4. 

e) An ambient temperature sensor with a time constant equal to or less than that of the 
modules, installed in a shaded enclosure with good ventilation near the wind sensors. 
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f) Cell temperature sensors, attached by solder or thermally conductive adhesive to the 
backs of two solar cells near the middle of each module, or other equipment necessary for 
IEC-approved measurement of cell temperature. 

g) A data acquisition system with temperature measurement accuracy of ±1 °C to record the 
following parameters within an interval of no more than 5 s: 
– irradiance; 
– ambient temperature; 
– cell temperature; 
– wind speed; 
– wind direction; 
– reference-plate temperatures. 

10.5.4.5 Procedure  

a) Set up the apparatus with the test module(s) and reference plates as shown in Figure 4. 
Ensure that the test module(s) are open-circuited. 

b) On a suitable, clear, sunny day with little wind, record, as a function of time, the cell 
temperature(s) of the test module(s), the reference-plate temperature, irradiance, ambient 
temperature, wind speed and wind direction. 

c) Reject all data taken during, or for 15 min after, the following conditions: 

– irradiance below 750 W ⋅m–2 or above 850 W⋅m–2; 

– irradiance varying by more than ± 40 W ⋅m–2 during one data collection run; 

– wind speeds above 2 m⋅s–1 that continue for more than 30 s; 

– wind speeds below 0,5 m⋅s–1; 
– wind direction within ±20° of east or west; 
– differences between temperatures of the reference plates greater than 1 °C. 

d) For each data point in the selected period, take the mean temperature TP of all the 
reference plates. 

e) For each data point in the selected period and for each test module: 
1) take the mean cell temperature TJ and calculate: 

∆TJP = TJ – TP 

 If ∆TJP varies by more than 4 °C, the reference plate method is not applicable and the 
primary method described in 10.5.3 shall be used. 

2) Average all values of ∆TJP to give ∆TJPm.  

3) Correct ∆TJPm to the SRE as follows: 

∆TJPm (corrected) = (f/ζR) ⋅ ∆TJPm (uncorrected) 

where 
f, the irradiance correction factor, is 800 divided by the average irradiance over the 

selected period; 

ζ , the ambient temperature correction factor, is obtained from the average ambient 
temperature Tamb over the selected period using the following table (linear 
interpolation for ζ  values is acceptable). 
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R, the wind correction factor, is obtained from the average wind speed over the 
selected period, using the graph in Figure 5. 

4) Calculate the NOCT of the test module as follows: 

NOCT = TPR + ∆TJPm (corrected) 
 where TPR is the mean steady-state temperature of the reference plates in the SRE. 

f) Repeat the entire procedure on two additional days and average the three values of NOCT 
for each test module.  
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Figure 2 – NOCT correction factor 
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Dimensions in millimetres 
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Figure 3 – Reference plate 
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Figure 4 – NOCT measurement by reference plate method 
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Figure 5 – Wind correction factor 

10.6 Performance at STC and NOCT 

10.6.1 Purpose  

To determine how the electrical performance of the module varies with load at STC 
(1 000 W⋅m–2, 25 °C cell temperature, with the IEC 60904-3 reference solar spectral 
irradiance distribution) and at NOCT and an irradiance of 800 W⋅m–2, with the IEC 60904-3 
reference solar spectral irradiance distribution. 

10.6.2 Apparatus 

a) A radiant source (natural sunlight or a solar simulator class B or better) in accordance 
with IEC 60904-9. 

b) A PV reference device in accordance with IEC 60904-2 or IEC 60904-6. If a class B 
simulator is used, the reference device shall be a reference module of the same size with 
the same cell technology to match spectral response. 
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c) A suitable mount for supporting the test specimen and the reference device in a plane 
normal to the radiant beam. 

d) A means for monitoring the temperature of the test specimen and the reference device to 
an accuracy of ±1 °C and repeatability of ±0,5 °C. 

e) Equipment for measuring the current of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading. 

f) Equipment for measuring the voltage of the test specimen and reference device to an 
accuracy of ±0,2 % of the reading. 

g) Equipment necessary to change the temperature of the test specimen to the NOCT 
temperature measured in 10.5. 

10.6.3 Procedure 

10.6.3.1 STC 

Maintain the module at 25 °C and trace its current-voltage characteristic at an irradiance of 
1 000 W ⋅m–2 (as measured by a suitable reference device), in accordance with IEC 60904-1, 
using natural sunlight or a class B or better simulator conforming to the requirements of 
IEC 60904-9. 

10.6.3.2 NOCT  

Heat the module uniformly to NOCT and trace its current-voltage characteristic at an 
irradiance of 800 W ⋅m–2 (as measured by a suitable reference device), in accordance with 
IEC 60904-1, using natural sunlight or a class B or better simulator conforming to the 
requirements of the IEC 60904-9. 

If the reference device is not spectrally matched to the test module, use IEC 60904-7 to 
calculate the spectral mismatch correction.  

10.7 Performance at low irradiance 

10.7.1 Purpose 

To determine how the electrical performance of the module varies with load at 25 °C and an 
irradiance of 200 W·m–2 (as measured by a suitable reference device), in accordance with 
IEC 60904-1 using natural sunlight or a simulator class B or better conforming to the 
requirements of IEC 60904-9.  

10.7.2 Apparatus 

a) A radiant source (natural sunlight or a solar simulator class B or better) in accordance 
with IEC 60904-9. 

b) Equipment necessary to change the irradiance to 200 W⋅m–2 without affecting the relative 
spectral irradiance distribution and the spatial uniformity in accordance with IEC 60904-10. 

c) A PV reference device in accordance with IEC 60904-2 or IEC 60904-6. 
d) A suitable mount for supporting the test specimen and the reference device in a plane 

normal to the radiant beam. 
e) A means for monitoring the temperature of the test specimen and the reference device to 

an accuracy of ±1 °C and repeatability of ±0,5 °C. 
f) Equipment for measuring the current of the test specimen and reference device to an 

accuracy of ±0,2 % of the reading. 
g) Equipment for measuring the voltage of the test specimen and reference device to an 

accuracy of ±0,2 % of the reading. 
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10.7.3 Procedure 

Determine the current-voltage characteristic of the module at 25 °C ± 2 °C and an irradiance 
of 200 W ⋅m–2 (as measured by a suitable reference device), in accordance with IEC 60904-1 
using natural sunlight or a class B or better simulator conforming to the requirements of 
IEC 60904-9. The irradiance shall be reduced to the specified level by using neutral filters or 
some other technique, which does not affect the spectral irradiance distribution. (See 
IEC 60904-10 for guidance on reducing the irradiance without changing the spectral 
irradiance distribution.) 

10.8 Outdoor exposure test 

10.8.1 Purpose 

To make a preliminary assessment of the ability of the module to withstand exposure to 
outdoor conditions and to reveal any synergistic degradation effects which may not be 
detected by laboratory tests. 

NOTE Caution should be taken in making absolute judgements about module life on the basis of passing this test 
because of the shortness of the test and the environmental variability of the test conditions. This test should only 
be used as a guide or indicator of possible problems. 

10.8.2 Apparatus 

a) A device capable of measuring solar irradiation, with an uncertainty of less than ±5 %. 
b) Means to mount the module, as recommended by the manufacturer, co-planar with the 

irradiation measuring device. 
c) A load sized such that at STC the module will operate near the maximum power point. 

10.8.3 Procedure 

a) Attach the resistive load to the module and mount it outdoors, as recommended by the 
manufacturer, co-planar with the irradiation monitor. Any hot-spot protective devices 
recommended by the manufacturer shall be installed before the module is tested. 

b) Subject the module to an irradiation totalling 60 kWh⋅m–2, as measured by the monitor, 
under conditions conforming to general open-air climates, as defined in IEC 60721-2-1. 

10.8.4 Final measurements 

Repeat the tests of 10.1, 10.2 and 10.3. 

10.8.5 Requirements 

The requirements are as follows: 

– no evidence of major visual defects, as defined in Clause 7; 
– the degradation of maximum output power shall not exceed 5 % of the value measured 

before the test; 
– insulation resistance shall meet the same requirements as for the initial measurements. 
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10.9 Hot-spot endurance test 

10.9.1 Purpose 

The purpose of this test is to determine the ability of the module to withstand hot-spot heating 
effects, for example solder melting or deterioration of the encapsulation. This defect could be 
provoked by cracked or mismatched cells, interconnect failures, partial shadowing or soiling. 

10.9.2 Hot-spot effect 

Hot-spot heating occurs in a module when its operating current exceeds the reduced short-
circuit current of a shadowed or faulty cell or group of cells within it. When such a condition 
occurs, the affected cell or group of cells is forced into reverse bias and must dissipate 
power, which can cause overheating. 

Figure 6 illustrates the hot-spot effect in a module of a series string of cells, one of which, 
cell Y, is partially shadowed. The amount of power dissipated in Y is equal to the product of 
the module current and the reverse voltage developed across Y. For any irradiance level, 
maximum power is dissipated in the short-circuit current condition, when the reverse voltage 
across Y is equal to the voltage generated by the remaining (s – 1) cells in the module. This 
is shown in Figure 6 by the hatched rectangle constructed at the intersection of the reverse 
I-V characteristic of Y with the image of the forward I-V characteristic of the (s – 1) cells. 

Because the reverse characteristics can vary considerably from cell to cell, it is necessary 
to classify cells as voltage limited (type A) or current limited (type B), according to how the 
reverse characteristic intersects the “test limit zone” shown in Figure 7. 

Figure 6 applies to type A cells. It illustrates that the maximum dissipation in a faulty or 
shadowed type A cell occurs when the reverse characteristic intersects the image of the  
(s – 1) characteristic at its maximum power point. 

In contrast, Figure 8 shows that the maximum dissipation in a type B cell occurs when it is 
fully shadowed. But it should be noted that, in this case, the dissipated power may be only a 
fraction of the total power available from the module. 
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Figure 6 – Hot-spot effect in type A cell 
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