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Neither STS nor any person acting on behalf of 
STS is responsible for the use, which might be 
made from the following information.

Data contained in this document have been 
prepared to the best of STS knowledge and STS 
cannot be held liable for any errors that might 
appear in this document.

The report shall not be in any circumstances 
binding for STS.   
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2011 has been an important year for STS with a ramp up to reach full testing capacity. In an overall depressed market, 
testing services provided by STS showed that there is still a sustained activity between buyers and manufacturers and 
that quality awareness has increased on both sides.

Changes in prices in 2011 had some important impact on quality, with, on one side, an increased risk on quality when 
some manufacturers choices have lead them to sacrificing on the quality level to save on profitability and on the other 
side some manufacturers deliberately choosing to bet on quality as their differentiation marker.   

Overall, discrepancies between manufacturers remain high, but a natural selection has been operated by buyers on 
quality as part of customer service especially in mature markets such as Germany.

Past experiences from buyers have pushed them to look for alternative solutions to relying on the sole compliance to 
IEC standards, which appear today to be outdated in regards to the daily operations of the industry.

Renowned institutes such as NREL have enhanced, in cooperation with the industry, some quality workshops to try to 
establish some new standards that can finally meet the expectations of the end users of modules in terms of quality, 
but in the meantime, leaving both the buyers and the producers in the dark regarding acceptability of the products.

On our side, we have developed and enhanced services to the industry to support both the buyers and the 
manufacturers facing the challenges of the PV industry and we will continue to expand our operations in 2012 in order 
to stay close to our customers and support an industry with a promising future.  

With our unique concept of independent testing on a mass production scale, we have been able to assess individually 
almost 80,000 PV modules in 2011 providing us with an in-depth insight of the current quality level of the products on 
the market, and we are glad to present our results in this publication.

 Thibaut Lemoine
 General Manager, STS   

FoReWoRD
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1. Data inFoRmation

The data and results presented in this document 
have been gathered and compiled from STS 
operations during the whole period of 2011. Data 
are taken from the different services provided to its 
clients.

For confidentiality reason, the results do not show 
individual results that can be traced to STS clients 
or manufacturers involved in the provision of 
services by STS.

The results presented in this document are the 
results of testing and inspection performed on a 
total 77,778 units of PV modules representing a 
total power of 18.371 MWp.

During the provisions of its services, STS has 
assessed products from 8 different manufacturers 
with installed production capacity ranging from 
120MW to 800MW.

Products tested were mainly poly crystalline 
modules representing 80% of the volumes and 
mono crystalline modules (20%).

In 2011, STS has processed 80% of the volumes 
in its testing facilities and 20% of the volumes in 
during onsite inspections.

Tested quantities were distributed over the year, 
2nd and 3rd quarters representing the highest 
volumes of test. 

R28 G117 B188

C85 M50 Y0 K0

PANTONE 660C



Results 2011 Presentation | 6 www.sts-certified.com

R28 G117 B188

C85 M50 Y0 K0

PANTONE 660C

2. oveRall Results

Results
The global defect rate over the whole period 2011 
was 7.8% of the products tested.

Overall, mono crystalline modules gave some 
better results than the polycrystalline ones. 
However, this discrepancy might not be relevant 
as the different product types were coming 
from different manufacturers. Globally the 
manufacturers that submitted polycrystalline 
modules did not perform as well as the 
manufacturers that provided mono crystalline 
modules, which explains mainly the difference. 
Amongst the manufacturers that have provided 
both technologies of crystalline cells, the 
differences in quality level between the product 
types were not significant.

introduction
The defects in PV modules assessed by STS were 
classified in 3 main categories, as defined below:

- Performance shows mainly the quality of the 
module in terms of power output and its related 
electrical characteristics. In order to provide 
accurate data, power determination is performed 
with AAA class sun simulator calibrated using a 
second reference PV module. 

- Cells Quality represents a more long-term 
assessment of the PV module mainly through 
electroluminescence imaging to identify cracks, 
inactive areas and risks of hot spot on the 
modules. 

- Workmanship, which represent the quality 
related to the making of the PV module, regroups 
assessment of the visual appearance of the 
module but also defect related to the safety of 
the user such as sharp edges or short circuits 
as well as the packaging, quality of the sealing, 
construction and other parameters.

The 3 categories respectively represented in 
percentage of the total defect rate: 

- Workmanship (48%) 
- Quality of the cells (38%)
- Performance (12%)

Fig. 1 
Distribution of Defects by Family
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3. DeFeCt DistRibution

Results
A wide variety of defects was detected at the different 
points of control implemented during the inspection 
performed by STS. Manufacturers specific defects 
were detected but globally the main defects were 
represented in all the inspected lots. Unfortunately, 
a significant proportion of critical defects were 
detected in several lots from different manufacturers. 
It was also noticed that the percentage of defects 
is closely linked to the manufacturing processes 
and manual processes are more likely to produce 
defects than automated processes.

With 13.3% of the global defect rate, micro-cracks, 
detected during electroluminescence imaging, was 
the main defect detected during the inspections. 
The main reason is that some manufacturers still 
haven’t implemented 100% in-house inspection. 

It was also noticed that quality of the modules’ 
packaging greatly affects the defect rate as 
explained in the related section.

introduction
The defects are classified in terms of critical, major 
and minor defects with the following definition:

Critical defect:
Defect affecting the safety of the user of the product. 
Defect that is likely to cause malfunction at a superior 
level.
i.e. risk of electrical shock, sharp edges

major defect:
Defect that affects the main function of the product. 
Defect that is likely to cause a breakdown or decrease 
the usability of the product.
i.e. power, delamination, damaged connectors

minor defect:
Defect that affects secondary functions of the product. 
Defect that is likely to affect the operation of the 
product in a insignificant way but can decrease the 
salability of the products. 
i.e. scratches, dirt
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Fig. 1 
Defects Pareto Global Results
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4. PeRFoRmanCe

Results
Overall, only a small percentage of the modules 
tested did not reach the minimum required power 
output (0.4% of the modules tested). However, a 
significant number of the IV characteristic curves 
showed some problems.

A statistical comparison of the power against the 
nominal value showed some small discrepancies 
between the power output determined by the 
manufacturers and the tests performed in 
STS facilities. In average, STS determined a 
power output that was 0.4% lower than the one 
determined by the manufacturers. 

An interesting finding is that the range of power 
as determined by STS was much wider than 
determined by the manufacturers. 

These results can be explained by factors such 
as the low accuracy of the equipment used by 
the manufacturers, the reference devices used 
for calibration of these equipment as well as the 
method of calibration.

introduction
Performance of the modules is determined 
according to the requirements of IEC 61215 
chapter 10.6.

In order to provide an accurate result, tests are 
performed under Standard test Conditions (STC) 
on a class AAA sun simulator according to the 
definition of IEC 60904-9.

The equipment are calibrated using secondary 
reference devices traceable to SI units according 
to the requirements of IEC 60904-2.

Fig. 2 
Distribution of the power output 
measured in percentage of the 
median of the power tolerance
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Fig. 1 
Deftive IV curve
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5. Cell Quality

Results
Even though studies from different institutes have 
proven the dramatic consequences of the micro 
cracks in solar cells because of transportation 
as well as mechanical and climatic stress, 
manufacturers still don’t attach a lot of importance 
to this testing method. 

The results of the tests performed by STS showed 
indeed a high percentage of defective cells 
unidentifiable through simple visual inspection.

Micro cracks detected were mostly oriented parallel 
to the bus bars and close to them, indicating some 
issues during manual stringing process (connection 
of the cells to each other using bus bars) because 
of the soldering iron pressure.

Interrupted printing defects, resulting in inactive 
areas perpendicular to the bus bars were 
detected mostly in mono crystalline cells, when 
polycrystalline cells showed mainly some tree 
shape cracks.

introduction
The quality of the cells is evaluated both through 
visual inspection of the PV modules and under 
electroluminescence imaging.

To compensate for the gap left by the international 
standards organizations on the acceptance of 
the PV modules under electroluminescence, 
the modules are evaluated against standards 
developed by STS based on research studies 
from different institutes and collaboration with 
manufacturers. 

Fig. 2 
Samples of micro-cracks in mono and poly crystalline 
cells through electroluminescence imaging.

Fig. 1
Electroluminescence imaging of a 60 
cells poly crystalline module.
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6. WoRkmanshiP

Results
Workmanship defects represented almost half of 
the defects found during STS inspection in 2011 
(48%) because of the wide range of defects.

Noticeably, the defects related to workmanship 
were higher in proportion in the lots provided by 
smaller manufacturer. The fact that processes are 
less automated and manufacturers more reliant on 
manual labor can mainly explain the situation.

Although different in proportion between different 
lots of a given manufacturer and between the 
manufacturers, similar patterns have emerged 
showing that the main issues detected by STS were 
related to sealing (around the encapsulation and the 
frame and around the junction box). 

A significant percentage of components (frames, 
glass and connectors) were also damaged, either 
during the manufacturing process or transportation, 
and a few modules arrived in STS facilities 
completely broken.

This emphasizes the need for a good packaging, 
the PV modules remaining fragile and likely to suffer 
from transportation. 

Encapsulation issues included the presence of 
foreign matters ranging from broken cells parts to 
clothes and chewing gum.

introduction
Workmanship defects regroup a wide range of 
defects related to the making of the modules.
The consequences of the defects varies from 
simple appearance issues to critical defects such 
a sharp edges likely to harm the installer of the PV 
modules.

Workmanship is mainly assessed through a careful 
visual inspection and measurement of the module. 
Production monitoring allows a better detection 
of the defects where processes and components 
hidden in the final products can be evaluated more 
thoroughly.

Defect related to workmanship are very 
representative of the commitment of the 
manufacturers to quality and manufacturers with 
more automated processes generally show better 
results from this point of view.    

Fig. 1
Loosen junction 
box because of 
insufficient sealant 
drying

Fig. 3 
Apparent wire near a 
connector

Fig. 2 
Framing issue 
resulting in a 
dangerous sharp 
edge

Fig. 4 
Presence of a 
broken cell in the 
encapsulation
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7. PaCkaGinG

Results
Manufacturers are currently using mainly 2 
packaging methods, with the products laid 
horizontally and packed individually or by 2 units or 
vertically separated by cardboard or EPS dividers 
with a surrounding box.

The trend is going towards vertically oriented 
modules even if this method usually allows less 
quantity of products in containers. Statistical 
analysis and investigation showed that PV modules 
packed this way resist better to the formation and 
spread of micro cracks due to vibrations and shocks 
and mechanical pressure. 

The use of wooden boxes surrounding the 
modules is obviously protecting better the modules 
from external shocks, but their influence on 
the appearance of micro cracks remains to be 
determined.It is also interesting to notice that 
Mono crystalline cells are more susceptible to 
contain micro cracks after transportation if packed 
horizontally.
STS has identified some potential safety issues on 
packaging with products dropping from the pallets 
when the packaging is opened, putting the installer 
at risk.

introduction
Packaging of the products serves mainly two 
purposes.

One is marketing oriented to make the product 
appealing for buyers, the second is to protect 
the products from harm during road and sea 
transportation.

Of course, practicability of the packaging should 
be considered during the design stage.Even 
though, STS does not judge about marketing point 
of view, STS has issued some recommendations 
for improvement to the manufacturers to help them 
solve quality issues related to packaging.

Fig. 1 and 2
Horizontal packaging vs. vertical
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8. manuFaCtuReRs 
benChmaRkinG

Results
If the global defect rate on average was 7.8%, the 
defect rate broken down by manufacturer ranges 
from 2.9% in average to 16%.

Surprisingly, the manufacturers with lower 
production capacity (0 to 300MW) overall performed 
better than larger manufacturers.

Due to the limited number of manufacturer and 
the voluntary basis of the inspection by the 
manufacturers, it is not possible to set a general 
rule from these results, it shows however, that some 
smaller players in the industry have decided to 
differentiate themselves by putting a lot of effort on 
the quality of their products.

It is also important to notice that amongst 
manufacturers of the same size, there is a great 
disparity in terms of quality.

It was also noticed that the part of defects related 
to the workmanship of the products was generally 
higher in manufacturers of smaller size. However, 
the quality of the cells was usually better from 
smaller manufacturers.  

introduction
For confidentiality reason, STS does not name the 
manufacturers presented in the report.
In order to provide a fair benchmarking, 
manufacturers have been evaluated under the 
same quality criteria and as much as possible on 
similar products.

The data presented for each manufacturer 
represent the global figures for the manufacturer 
including all the products inspected by STS during 
the whole period of 2011.

Products inspected by STS were produced by 
manufacturers with an annual production capacity 
ranging from 120MW to 800MW.

Fig. 1 
Overall Defect Rate by Manufacturer
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9. manuFaCtuReRs 
imPRovement tRenD

Results
It was noticed a significant improvement on a 
long-term basis for all the manufacturers submitting 
products to regular inspections.
For all the manufacturers, the improvement usually 
follows a 3 phases pattern as described below:

acknowledgement phase:
During the first inspections, the manufacturer is 
confronted to a third party judgment, independently 
from the in-house criteria and testing equipment 
and team. During that phase, the manufacturer real-
izes what it the quality level of its products.

active improvement phase:
After this first phase, the manufacturer starts an 
improvement plan based on the reports and recom-
mendation provided by STS. The defect rate makes 
some great progress during this phase.

stabilization phase:
After a period of great improvements, the defect 
rate stabilizes at a low rate thanks to the actions 
implemented. The defect rate usually decrease a 
little but the ratio between the investment and ben-
efit in terms of quality is much higher and therefore, 
the results are less spectacular than in the previous 
phase.
Case studies showed that manufacturers regularly 
submitted to inspections, managed to reduce the 
defect rate by up to 3 times.

introduction
As some of the manufacturers were subject to 
regular inspection by STS on similar products, it 
is possible to follow the impact in terms of quality 
of the inspection and recommendations provided 
to the manufacturers.Analysis is performed on 
identical inspections and on similar technology 
products.
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10. ConClusion

From the results of testing on more than 75,000 
PV modules, it is obvious that there are some 
quality defects on the products leaving the 
Chinese factories. It is also obvious that there are 
some great discrepancies between manufacturers 
and that the size of the manufacturers does not 
necessary provided a guarantee of quality for the 
products.

Quality of the cells has become a real issue for the 
reliability of the panels, even though the testing 
equipment is available to detect these defects.

The lack of industrial experience from a lot of 
manufacturers also increases the quality risks 
in terms of long-term reliability, safety and 
appearance of the products.

More generally, the results shows that the PV 
industry is not yet mature in terms of products 
quality and shows the limitations of the existing 
standards to guarantee an acceptable level of 
quality.

From the results observed during the period, it is 
very likely that some epidemic failures are going 
to appear on the field within less than a decade. 
These epidemic failures are going to endanger 
the PV industry, putting investors, buyers and 
manufacturers at risk. 
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STS was created to fill the existing void in mass-
production quality assessment for solar panels. 
Like no other certification body in the industry, 
STS provides individual testing and certification 
services, which enables the detection of usually-
hidden defects which put the panels’ performances 
and reliability at risk.

STS’ proprietary testing center is located 
in Kunshan, China, close to Chinese PV 
manufacturing bases, which allows to run 
individual tests on solar panels without impacting 
either leadtime nor cost competitiveness. 

In addition to its testing and certification services, 
STS is involved in the improvement of quality 
within the PV industry, through the publication 
of technical articles, reports and analysis, the 
amelioration of quality standards, and the 
organization of benchmarking campaigns.

about sts

This publication and other publications by STS can 
be obtained directly from our website: 
www.sts-certified.com or upon request by email to 
info@sts-certified.com

For any additional information, please contact our 
technical support:

via email: technical.support@sts-certfified.com
by phone: +86 21 32221065    
by Fax:  +86-21 63816576
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