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The PV+Test assessments begin with a sunbath on the roof of the TÜV Rheinland building in Cologne, Germany.

Introducing
“Best of modules”
Quality assurance: PV+Test is a new quality label to help customers navigate the
module market. The first results are promising. Most of the modules that underwent
the independent test fulfill the requirements. On the other hand, there are some clear
differences in individual categories.

Some customers may want to have as
much power as possible from their solar
arrays in the first year of operation. Others may be worried that the goods delivered might not look the way they did in
the catalog. Others still might want to
know whether a module will still provide the expected return in its 19th year
of operation. Of course, a module would
ideally meet all three of these criteria and
many more, and you would also be able
to find it. But it’s hard to find the right
module on the market with more than
serveral hundred manufacturers offer-
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ing more than several thousand module
types. Without outside help, it is hardly
possible to tell the difference between
good and bad quality in modules.
PV+Test fills this gap, along with module testers at TÜV Rheinland and Solarpraxis, the publisher of industry journals
such as pv magazine. PV+Test measured
some 25 module values in addition to a
wide range of other properties (see glossary, p. 98). These are not the first tests
on the market, but one thing makes them
special. On March 5, 2009, Solarpraxis
brought together some 35 experts from

research institutes, certifiers, and manufacturers at a symposium in Bad Staffelstein to discuss and decide which criteria
the test should be based on. “The goal was
to specify which criteria reveal whether
a module is good and how to test them,”
says Willi Vaaßen, Business Field Manager Renewable Energies at TÜV Rheinland. No one was shut out. All experts in
the field were invited to join the industry
council from all major firms, research institutes, associations, and institutions.
The experiment in democracy mainly
showed that a test that offers true added
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value would have to be fairly comprehensive. It would also have to make quality
visible. “If the quality label merely reflects a small set of criteria, such as output, it does little good,” Vaaßen explains.
PV+Test therefore not only measures output, but also electrical safety, aging after
climate tests and mechanical loads, documentation, and workmanship. In some
of the criteria, such as aging, the test
even goes beyond the requirements in
standards. Here, PV+Test increased the
time that modules spend in an extremely
moist, hot atmosphere in climate chambers from 1,000 hours, as required by the
International Electrotechnical Commission (IEC), to 1,500 hours. It is then easier
to separate the wheat from the chaff. According to what we know today, the likelihood that a module that passes this test
easily will not seriously degrade over 20
years in operation is greater than if the
module does not pass the test. All of the
modules tested in this first round have
passed these additional trials.
Installers will probably also be interested in the additional tests to determine
how sharp edges are – a test not required
in IEC standards. Sharp edges are a risk
because you can easily hurt yourself on
them during installation. Three of the
modules tested were found to have dangerous edges, though only one of them
is having its results published in the first
round of PV+Test.
Aging tests in climate chambers can
take more than three months in total
and cost a lot of money, so manufacturers

have to finance them themselves. Nonetheless, the tests were to remain independent. The special structure of the tests
and test labs at TÜV Rheinland ensure
that independence. PV+Test signs contracts with manufacturers, who agreed
to cover the costs regardless of the test
outcome. In the end, they can only refuse to have the results published. Their
score, however, is included anonymously
in the overall results, which indicate how
many modules have already been tested.
PV+Test is thus a “best of” list, and the
scoring system shows how the published
modules performed in relation to the
ones not published.

Certificates are not enough
The first round of tests (the tests will continue and more test results will be published later) covered eight modules, all
of which fulfilled the minimum requirement: they had certification. In particular, EN IEC 61215 and EN IEC 61730 were
important; the first is a type approval,
whereas the second defines how electrical safety is checked.
Unfortunately, customers cannot rely
on these certificates alone. “We have seen
modules that had already lost 30 percent
of their output after only three years or
whose appearance had changed,” says
Vaaßen, whose staff is often on the road
to serve as experts in court proceedings.
“These products were all certified.”
Such problems sometimes occur when
manufacturers only submit especially
good modules, not all of which are nec-
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essarily from serial production, for certification. In such cases, certificates do
not always tell us whether modules from
serial production that are later sold to
wholesalers and eventually installed on
roofs actually fulfill the minimum quality requirements. For instance, modules
are sometimes shipped with different
components – such as foils and cells –
than the ones used for certification. “We
then do not know if the product is just as
good,” Vaaßen says. In the test, the experts were also surprised to see that five
modules from one manufacturer had
three different rear foils. PV+Test contacted the manufacturer, and it turned
out that all three of the rear foils had been
certified.
Project planners and investors behind
large solar farms know the problem. Certificates are a minimum requirement to
secure financing. But they generally have
a closer look at which modules they are
using. Usually, they check output, and
they sometimes also test aging. The banks
providing the financing often require
such testing, because they want to make
sure that the modules will actually perform well for their entire expected service
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Cells that are working properly look bright in the electroluminescence image. The module analyzed in the image on the left hand side is intact, the one on
the right side has several flaws.

Willi Vaaßen, Business Field Manager Renewable
Energies at TÜV Rheinland.
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life. Customers who cannot afford such
tests had to take manufacturers at their
word up to now.
To give this target group a better way
of comparing the quality of modules on
the market, PV+Test purchased five modules of each type just as normal customers would – without the knowledge of
manufacturers, who therefore could not
control the process. The investigations
thus show whether the certificates for
these modules truly stand for long-term
quality or whether manufacturers do not
make good on their word. That’s why the
results of PV+Test will also make it easier for large financial investors to come
up with a shortlist.

buy a module just because it ranks “good”
instead of “excellent.” Nonetheless, one
participant was not satisfied and decided
not to have its results published.
There is also only good news to report
in one of the most important categories:
deviation from nominal output. All of the
measurements of output were within the
manufacturers’ tolerance range. While a
module’s output is not the only important
thing, it is crucial. PV+Test therefore first
tests whether output is within the range
indicated by the manufacturer. If not,
zero points are awarded. And even when
output is within the tolerance range,
more points are given when it is towards
the top than near the bottom.

The test results

Wanted: positive tolerance

The tests in the first round show that most
modules at least comply with minimum
requirements. Only one of them was an
outlier. In almost all of the six assessment
categories, it performed poorly. Furthermore, large bubbles formed during the
damp heat test, and the electroluminescence image, which reveals whether the
cells are working properly, revealed some
major flaws. Understandably, the manufacturer did not wish to have the results
published.
All of the other modules did well or
very well. Although manufacturers are
understandably upset if they do not receive top marks, there is no reason not to

Under certain circumstances, deviations
between good and not-so-good modules
within a batch may compensate for each
other on paper. For instance, Mitsubishi
Electric lists the average nominal output for the modules it sells in packages of
two. In other words, if one of the modules deviates downwards, the other deviates to the same extent upwards. Unfortunately, the average is not what counts if
the modules are switched in series within
the array, so modules with a greater output cannot compensate for those with
less output. Instead, the current from the
worst module determines the overall current in the array, and hence the output of
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PV+Test measured some 25 module values, and
also a wide range of other properties, such as the
level of risk of hurting yourself on sharp edges
during installation.

all modules.
Because the weakest module in a string
determines the output of that string,
PV+Test also assesses the manufacturers’ tolerance range. Four of the modules
tested had a “positive tolerance.” Here,
the manufacturer guarantees that no
module performs worse than its nominal output. Such panels can only have
a positive impact on the array’s yield,
which is why PV+Test gives these panels more points than it gives those whose

lower limit is three percent below nominal output. Only one module had an even
greater tolerance range at lower output
values. Sharp says that its module, which
performed very well overall, can drop as
much as five percent below nominal output. It is the only monocrystalline module in the first round of testing.
But rated output isn’t everything. It is
measured in the lab at an insolation intensity of 1,000 watts per square meter.
Some countries, such as Germany, only

reach that level on very sunny days. A
module’s performance under less light
is therefore also important. It generally
drops disproportionately, as the efficiency
level shows. Under low-light conditions
of only 200 watts per square meter, the
output of the worst module (the one that
just barely passed the test and has therefore not been published) dipped by 4.5
percent relative to the expected performance at 1,000 watts per square meter.
Some modules, such as Sharp’s, even per-

On some modules, the solder strips do not cleanly match the cell’s contact lines.
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form better under low light. The modules from Mitsubishi Electric and Sovello also performed very well under low light. Their
efficiency dropped by less than one percent.
The change in efficiency at high temperatures is at least as important as low-light performance. Nominal output is measured
at 25 degrees Celsius. But in the summer, operating temperatures are generally around 50 degrees, at least in Germany. In
other countries they are even higher. The efficiency and output
of Sharp’s module, the one least sensitive to heat, dropped by
10.6 percent. The module that performed the worst in this category was 1.7 percentage points worse, and that loss converts
directly into lower yield at the same nominal output.

Large-scale projects
from a single source.

The biggest hurdle
The only module in the test that had a pane of glass both on
the front and back was the one that scored the most points in
the aging test. Schott Solar’s glass-glass module is also the test
winner overall.
The outcome is no surprise. After all, the other modules use
a foil instead of glass on the back. Glass provides better protection than rear foil against the extreme conditions that the
modules were exposed to in these comprehensive tests. In return, glass-glass modules are much heavier.
PV+Test directly compares the tests of glass-glass modules
with those of glass-foil modules because customers are interested in results, not the technology. All of the crystalline modules therefore have to undergo the same tests. The same holds
true for the module from Sovello, which says it uses wafers
made in a special energy-saving manufacturing process.
The assessment of aging is based on visual appearance, the
output degradation after the aging tests, and the quality of the
required electrical insulation between the frame on the one
hand and the cells and contacts on the other hand. While the
outcome cannot directly be converted into an estimation of the
module’s service life in the real world, it does allow for a comparison of how well various modules deal with moisture, thermal cycling, and mechanical loads.
In these tests, the modules generally had the worst trouble
with insulation measurements under submersion. For instance,
one of the two Conergy modules that underwent 200 cycles
of temperature changes had a problem with its plug’s insulation underwater. The PV+Test experts would normally deduct
points if measurement values do not comply with the standard, but when the measurements were repeated four weeks
later the flaw could not be reproduced. In other words, the damage was not permanent. Under the IEC norm, the test could also
have been repeated, because the flaw only occurred with one of
the two modules that underwent the thermal cycling test, but
then the entire test series – including the thermal cycling test
– would have had to be repeated.
Furthermore, the IEC standard for modules and the test standard for connectors (EN 50521) contradict each other in this
test. In the module tests, a surfactant is added to the water
(which is not done in the tests for plugs), in order to reduce
surface tension so that water can more easily enter small fissures and leaks.
Because one of the two Conergy modules survived the thermal cycling test unscathed and the second module’s insulation
resistance was within the range allowed by the IEC standard
in the repeated measurement, the PV+Test experts deducted
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In this instance, the string fixing tapes discolored in the climate chamber.

points for the thermal cycling test, but
opted not to deduct any further points.
The Conergy module therefore finished
with a good score (+).
The company says it cannot rule out
a measurement error during the insulation test at the TÜV Rheinland lab. The
module has a plug of the highest protection class (IP 67) from Huber + Suhner,
which Conergy says should pass an insulation test anytime if it is properly attached. Conergy says it does not know of
any instance of this problem occurring in
practice. However, TÜV Rheinland says
no error was made in testing, so the question cannot be resolved for certain.
The Sovello module passed this test
well, but after the thermal cycling test,
output degradation was slightly below
minus five percent. The measurement
tolerance for repeated measurements of
output is 0.5 percent, so the modules do
comply with the requirements for certification. The second test sample performed better with an output degradation of minus 2.2 percent.
In addition to the loads in the climate
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chamber, the IEC standard requires modules to withstand a mechanical load of
2,400 pascals, equivalent to around 240
kilograms per square meter. However,
the IEC standard also says the load can
optionally be increased to 5,400 pascals.
The harsher test is recommended, for
instance, in areas prone to great snow
loads.
As with the other accelerated aging
tests, a wet insulation test is conducted
after the mechanical load tests. Here, the
module is short-circuited at the two connections, and system voltage is applied
between the short-circuited connections
and the frame. Then, resistance is measured as the module is slowly immersed
in water up to just above the lower edge
of its socket.
In this test, one of the modules from
Sovello had a problem after the harsher
test with 5,400 pascals. Insulation resistance dropped to half of the minimum
level prescribed in the IEC standard. The
TÜV experts dried the module off and repeated the measurements. They were able
to reproduce the drop in insulation resis-

tance when the connection socket had almost reached the water. The load test had
probably caused a fracture or path where
the connector is attached to the module,
allowing water to enter. When the test
was repeated four weeks later, however,
the flaw could not be reproduced; apparently, the damage was not permanent.
Otherwise, most of the modules performed very well in at least one category
of the aging tests. The individual output
degradation values of the panel that performed worse than the other one in the
panel pair are shown in the table. In contrast, the insulation measurement values
on which the table is based are not listed.
Here, the Mitsubishi module received the
most points overall. Interestingly, if we
leave aside the optional test with a heavier
load not required by the IEC, the Sovello
module comes in second, followed by
Sharp and Schott Solar’s glass-glass module. In the overall assessment of accelerated aging, the glass-glass module clearly
leads the pack, followed by the modules
from Sharp and Mitsubishi.
A relatively new measurement method
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Performance parameters are tested in the flasher.

plays an increasingly important role in
the assessment of both the initial measurements and those taken after the accelerated aging tests. Electroluminescence reveals areas of cells that are active
and those that are not, thereby making
micro-cracks visible. When micro-cracks
become numerous, they pose a danger
because they can gradually cause greater
damage under loads and therefore detrimentally affect the module’s performance
and service life. Such tendencies reveal
themselves especially after the thermal
cycling tests. Electroluminescence is part
of the assessment of workmanship.

Incorrect labeling
There were also major differences in documentation. A number of manufacturers
do not provide proper information on
grounding. The EN IEC 61730 standard
requires manuals to describe such details
as drill holes and screw sizes. Conergy,
one of the manufacturers who did not
do so, points out that its manuals were
changed last June and now comply with
the requirements for installation manu-
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als. A number of manufacturers also do
not provide sufficient information about
interconnection. This information is important because the maximum system
voltage and reverse current resistance of
the test series tell us how many modules
can be connected in parallel and in series.
In addition, not all of the manufacturers provide the required data about their
module’s low-light performance.
The CE label is also mandatory in Europe. The module from Perfect Solar,
which was good overall, did not have
that label. It therefore cannot be legally
sold in Europe. Yet, this error is avoidable. A module that fulfills EN IEC standard 61730, which is the case with Perfect Solar’s panel, automatically complies
with the requirements for the CE label.
Perfect Solar’s score was further reduced
because the module claims to have been
“made with German technology”, although it was manufactured in Taiwan.
The company means the supplier used
machines and material from Germany,
but customers could easily take the label
to mean “made in Germany.”

Another standard is important for
the datasheet and nameplate. EN 50380
describes what information they must
provide. For instance, low-light performance, nominal cell operating temperature (NOCT), and output at that temperature must be documented there. The
latter figure must reflect as closely as possible the temperature under normal usage
conditions. These values are important
for an accurate forecast of yield.
But despite all the criticism, Willi
Vaaßen of TÜV Rheinland emphasizes
that he and his staff at PV+Test found the
manufacturers and products to be of high
quality and competitive. As he puts it, the
best panel in the test is not the only one
that should be bought. Vaaßen does not
wish to distinguish between those that
allowed the test results to be published
and those that didn’t, but rather between
those that took part in the test and those
that didn’t. Of course, he has to do so,
because his job is to get as many manufacturers to take part in the test so the
best-of list can best reflect the best on the
market. u
Michael Fuhs
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