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As the PV market is growing, so also is the need for more 
reliable measurements. Because the output power of every 
module should be measured in production and as the 
resulting power class affects the selling price, inaccurate 
measurements lead to money loss.

Other tests on the quality of PV modules are 
also performed based on the needs of the 
end user and because of market regulation. 
These include, for example, 
electroluminescence imaging, electrical safety 
testing of the modules and visual inspection.

Key aspects in reliable measurements are 
high quality testing equipment and 
information on their actual performance, 
ease of use and level of automation. 
Finland based Endeas Oy has been 
manufacturing solar simulators since 2001. 
A global clientele has proven that  
QuickSun solar simulators are a key part in 
highly efficient production lines. QuickSun 
550CE is the latest high-end testing 
station that can perform all necessary 

tests to prove PV modules from production 
are of high quality.

Standards

International standards give the mandatory 
testing requirements. They tell which kinds 
of tests should be performed and what kind 
of equipment should be used for the tests. 
International Electrotechnical Commission 
(IEC)1 prepares standards for the PV 
industry. These include safety standards on 
the construction of modules (IEC 61730-1) 
and on the measurements to guarantee the 
safety (IEC 61730-2), a standard series 
which details the measurements of 
electrical characteristics (IEC 60904), and 
standard series which details how real life 
energy yield may be calculated (IEC 61853). 

When PV modules are manufactured 
according to standards and their 
characteristics are measured with 
equipment that follows the standards, the 
module end user can be confident in their 
investment. Their PV installations will 
produce energy according to 
specification and long term energy yield 
will behave predictably.

Solar simulator classification

A solar simulator measures current–voltage 

1  IEC standards are available on webstore.iec.ch

characteristics of a PV module under 
illumination. The nominal peak power, 
which mainly forms the selling price of the 
module, is obtained from this. Solar 
simulators are given classification 
according to standard IEC 60904-9, which 
is currently being revised. 

The new 3rd edition will bring the unofficially 
used class A+ in to official use. Emphasis 
will also be given to the measurement 
uncertainty of the classification, which will 
assist in the uncertainty analysis of the 
module power rating. This is especially 
important as the 2nd edition of IEC 61730-1 
calls for production tolerances on the 
module label. 

The three main features of a solar simulator 
are spectral match, irradiance non-
uniformity, and temporal instability of 
irradiance. The first two will undergo 
changes in the upcoming 60904-9 standard.

Irradiance non-uniformity is the most 
important characteristic of a solar simulator 
as the effects of poor uniformity cannot be 
corrected from the measurement data. The 
new edition of the standard will increase the 
required number of test points when 
determining non-uniformity. Additionally, 
the need for regular non-uniformity checks 
is emphasized. Here, the integrated 
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non-uniformity measurement equipment of 
QuickSun 550CE is both unique and of 
special value. Both the measurement and 
associated lamp adjustments are fully 
automated and the number of test points is 

fully customisable.

The spectral match is extended to cover a 
range from 300 nm – 1200 nm, presently 
400 nm – 1100 nm in 2nd edition. This is 

needed as advances in technology, e.g. UV 
transparent encapsulants, have extended 
the response of crystalline silicon modules. 
The standard will also introduce two new 
parameters that help quantify spectrum. 

Spectral coverage (SPC) checks how each 
wavelength on the spectral range has 
output. This is especially important as new 
technologies are introduced which extend 
or change the spectral response of the 
modules. With poor coverage, gains in 
efficiency might go unrecorded. Spectral 
deviation (SPD) measures the average 
error between the spectrum of the 
simulator and the reference spectrum. The 
spectral match classification integrates 
spectrum into six ranges, so deviations 
inside a range are lost. 

Module quality and safety

While peak power of a module may be the 
main selling point, high build quality 
ensures the safety of the modules. 
Standard IEC 61730-1 sets requirements on 
the construction of PV modules. The 
second part, IEC 61730-2, lists the tests a 
module must pass for safety qualification. 

While the tests are not practical or even 
required to be performed in production, the 
standard also recommends a set of tests 
that will make sure the produced modules 
meet the requirements of the standard.

IEC 61730-2 recommends that module 
output power determination, visual 
inspection of the distance of live parts to 
module edge and a bypass diode test be 
performed on all modules. Additionally, a wet 
insulation test and a ground continuity test 
are recommended on one module per shift.

While these are minimum recommendations, 
it gives confidence in the quality of the 
product if these tests can be performed on a 
100% sampling basis. In addition to 
current-voltage characteristics and maximum 
power, QuickSun 550CE can test insulation 
resistance, leakage current, ground 
continuity and bypass diode quality. EL 
analysis is also in integral part of the test set.

There are no mandatory requirements to 
take electroluminescence (EL) images of 
finished modules. However, this is nowadays 
the norm as an EL image may show hidden 
defects, such as micro-cracks, that cause 
power loss in outdoor operation. 

The first edition of an EL imaging standard 
for PV modules (IEC 60904-13) is currently 

QuickSun 550CE Testing Station incorporates an automated reference module loader, where the reference 
modules are stored securely.

High resolution non-uniformity measurement is straightforward and easy with automated tools.
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being drafted. It will specify how to take, 
process and interpret EL images. While 
the upcoming standard has no rules to 
classify modules according to defects, it is 
a good first step to harmonize the 
methods in EL imaging. 

Issues caused by advanced 
technologies

PV technology advances also bring some 
difficulties in performing reliable IV 
measurements. One such issue is the so 
called internal capacitance of PV cells or 
modules. Some years ago, this was mainly 
an issue for some IBC and heterojunction cell 
technologies, but now with ever higher 
efficiencies on standard c-Si modules, the 
internal capacitance is high enough to require 

a long, >> 10 ms, measurement duration. 
Making the flash pulse of a solar simulator 
longer works up to a point, but a too long 
pulse will heat the module, which will lead to 
uncertainty in temperature measurement. 

Advanced measurement techniques can 
effectively extend the measurement time 
without heating the module. On QuickSun 
550CE, the nominal measurement duration 
of 35 ms can be extended to an effective 
measurement duration of 450 ms.

Bi-facial modules, which can capture light on 
both sides of the module, are a growing trend 
as they have the capability to increase 
energy yield by approximately 20% without 
adding significant extra cost to their 
manufacturing. So far, there are no 

established rules on how they should be 
measured, but standards on bi-facial module 
measurement are currently being drafted.

Measurement uncertainty

When assessing the total uncertainty of 
module power, the largest factor comes 
from the uncertainty of short circuit current 
of the reference module that is used in 
calibrating irradiance measurement. 

Requirements for reference modules are 
stated in standard IEC 60904-2. Reliability 
of use of reference modules is increased if 
the calibration procedure requires minimal 
work, as it will be easy to do on regular 
basis. An automated calibration procedure 
leaves out manual module handling which 
limits possible mishandling of reference 
modules improving reliability further.

Other main sources of uncertainty are 
module temperature uniformity and 
temperature measurement accuracy, 
irradiance non-uniformity, measurement 
reproducibility and uncertainty related to 
module contacting. A recent estimate 
showed that the production tolerance of PV 
modules lies in the range 3 – 5%, if 
appropriate quality assurance is in place2. 

Reliability

Reliability in production usually means 
maximising output with the current 
resources3. It’s a combination of quality, 
speed and availability. High quality has 
already been discussed above. Speed or 
high throughput directly leads to 
maximised output. 

Availability is a combination of a low number 
of faults, straightforward maintenance tasks 
and easy to use service tools.

How can a module manufacturer influence 
the reliability of their measurements? Even if 
measurement equipment is good on paper, 
the actual performance is important to know. 

As a first rule, a solar simulator should come 
with an extensive test report that shows its 
performance during the factory acceptance 
test. For long term performance, regular 
checks on key characteristics should be 
carried out. A third-party performance 
certificate, such as the certificate for class 
A+ performance of QuickSun 550CE by TÜV 
Rheinland, assists here. 

In summary, by adhering to methods 
described in standards, reliable 
measurement can be done in production. 
This leads to lower measurement 
uncertainty, which results in better control 
of the modules’ selling prices. 
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2  Monokroussos C., Reliability of Power Rating 
and Labeling, Sayuri 2016 Workshop, AIST, Japan, 
October 2016

3  Maintenance Management - Defining, Clarifying 
“Reliability”, www.idcon.com/

Comprehensive support tools, such as service cameras, minimize equipment downtime.

The upcoming IEC 60904-9 3rd edition brings more detailed spectrum criteria.


