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ABSTRACT: This paper aims to show the results of P\Wates quality control executed in two large PV pdan
located in the south of Spain during modules supplyality control was carried out in Enertis Sdlaboratory for
PV module characterization and it consists in ftests: visual inspections, peak power measurensdatirical
isolation and thermographic inspection. Results shieiective modules have been detected in all aedlyz
manufacturers, so quality control of PV modulerésessary to reduce technical and financial ridlso, examples

of detected defects during tests are showed.
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1 INTRODUCTION

The world photovoltaic market has experienced an
elevated increase in recent past years. A cleanjgbeaof
this situation is the photovoltaic market in Spaitere
the installed power only in 2008 was 2.650 MWp hwét
total of 30.250 built installations [1]. The actwahdency
in the PV market is to build PV Plants of various
megawatts of installed power, so a high amount \6f P
modules will be necessary for each project (fotanee,
in a 4 MWp project 20.000 modules of 200W are
required).

Due to the fact that the module is the most impuarta
component of the PV system and its cost is commonly
upon 50% of the total cost of PV installation, &org out
a suitable quality control of modules during they is
necessary. Generally, the supply contracts of nesdate
paid per nominal power or, in the best cases, pt&l t
supplied watts so a slight deviation in the peakvgro
specified by manufacturer means high profit losses.

Also, PV modules have a 25 years warranty so it is
obligatory to guarantee that they can work satiefély
during this period of time. This means that peakgois
very important, but is not the only important paeten of
the modules and it is necessary to check theirailitsa

This work aims to show the results of PV modules
quality control carried out in two large PV planthis
quality control was proposed in previous work [Bpat
was carried out in Enertis Solar PV modules
characterization laboratory by qualified staff wsin
suitable equipment. Quality control is composedhoée
tests of the IEC 61215 and infrared thermographic
inspection (see fig. 2). First three tests giveinfation
regarding initial state and performance of the nhesiu
and thermographic inspection gives information
regarding their medium and long-term performanaet a
possible degradations.

PV MODULE
e MNertiS QuALITY CONTROL
p solar ~
Test 10.1. Visual Inspection
. J
[
'd N\
Test 10.2. Peak Power Measurement
. J
[
'd N\
Test 10.3. Electrical Isolation
. J
|
'd N\
IR Thermographic Inspection
\\ J

Figure 2: Tests included in quality control
2 SAMPLING PROCEDURES

To avoid breaking confidential agreements with our
clients, the name of the manufacturers and PV plarg
concealed in this work.

2.1 Description of the PV plants

The PV plants analyzed in this paper are located in
the South of Spain. Installed power of first placdlled
plant-A, is 19 MWp and for the second one, planisB,
13 MWp. Both installations are composed of modules
from 4 different manufacturers as shown in tablénl.
total six manufacturers were analyzed.

Table I: Peak power per manufacturer

Quality control advantages are that it does noayel

the construction execution, its cost is very reduce
compared to module investment and ensures modules
quality.

These tests correctly included in a quality control
plan and this included in supply contracts alloaslty
modules lots rejection.

Manufacturer Plant-A (MWp) Plant-B (MWp)
A 2,47 -
B 7,34 2,67
C 1,43 1,95
D - 2,02
E 7,97 -
F - 6,67
TOTAL 19,21 13,31




2.2 Extraction of samples

Extraction of samples has been carried out accgrdin
to international standard [3] to select the appataul
number of samples of each manufacturer (which will
depend on the total amount of modules). Tablesadl I
show the amount of modules and the selected saraples
each manufacturer. Sampling was carried out by
manufacturer and model. For simplicity global valyper
manufacturer are shown.

Table II: Sampling details in Plant-A

Manufacturer L1@nt-A — Samples Percentage
(modules) (modules) (%)
A 14.133 50 0.35
B 36.412 175 0.48
C 8.190 32 0.39
E 37.943 200 0.53
TOTAL 96.678 457

Table Ill: Sampling details in Plant-B

Manufacturer ~\ant-B — Samples Percentage
(modules) (modules) (%)
B 12.222 82 0.67
C 11.160 50 0.45
D 7.611 32 0.42
F 33.025 115 0.35
TOTAL 64.018 279

Based on our experience in quality control of more
than 150 MW of PV projects, we recommend sampling
percentages between 0.5% for large PV plants (thaire
10 MW) and around 2% for 1MW plants.

3 RESULTS

3.1 Visual inspection

This test aims to detect any visual defect infthat,
back, frame or junction box of modules which should
cause accelerated degradation of their properties a
reduction of their useful lifetime.

Inspections have been carried out in indoor
conditions with 1000 lux of light. Also, inspeati® were
very exhaustive and all visual defects were remste
serious and slight ones, because slight defectdd cou
cause performance failures in the future as well.
However, acceptance or rejection was considered
according to [4] (which has very relaxed criteria).

Table IV: Percentage of visual defects in both plants

Plant-A (%) Plant-B (%)

Manuf. . . . .
Serious  Slight Serious Slight

A 0.0 12.0 - -
B 11 9.1 0.0 14.6
C 0.0 3.1 0.0 2.0
D - - 0.0 18.8

E 0.0 4.0 - -
F - - 0.0 8.7
AVERAGE 0.3 7.1 0.0 11.8

Table IV shows percentages of detected visual
defects during test.

Slight defects considered are: inclusions in tlassg
inclusions in lamination, little perforations oriph in
cells (fig. 3), misaligned connection string (odtcell's
bus-bar) (fig. 4), shaded cells by frame or baakeslffig.

4), broken sealant between frame and back-shegiass
(fig. 5), little bubbles in back sheet, low thicleseof
anodized treatment in frame, etc..

Figure 3: (A) misalignedinterconnection on busbar and
(B) partially shaded cell by back-sheet

Figure 5: Chips in cell

Results from table IV show that slight visual défec
have been detected in modules from all the



manufacturers. These visual defects might be theecaf
failures in the future. Also, these defect percgesaare
very high and not common in other mature industrial
sectors. The inclusion of slight visual defectssupply
contracts as a breach of product warranty will mine
the economic risks assumed by the different estitie
involved in the PV plant promotion and operation.

3.2 Peak power measurement

Peak power measurements were carried out according
to international standard [4] using a solar simar&lass
AAA according to international standard [5]. Pos$sib
temperature and irradiance corrections were done
according to [6]. Test area of simulator is 2x2and it is
situated in a black tunnel with a distance betwesmon
flash lamp and test plane of 6 meters. This equiyrnas
a flash plateau of 10 milliseconds. Ambient tempem
in the black tunnel was controlled to 25+2 °C touc
errors due to extrapolations. Irradiance referatméces
were calibrated modules of the same size and téotyo
to avoid spectral mismatch.

Table V and VI show results of peak power
measurements in each plant, divided by manufacurer
Values show the difference between measured peak
power, R, and nominal power.

Table V: Peak power results in Plant-A

Tolerance

Manuf. Pm<Prom-3% Pronit3% Pr>Prom+3%
A 54.0% 46.0% 0.0%
B 4.6% 72.6% 22.8%
C 62.5% 37.5% 0.0%
E 0.5% 75.0% 24.5%
AVERAGE 30,4% 57,8% 11,8%
Table VI: Peak power results in Plant-B
Manuf.  Po<Prmd% ol Pr>Pront3%
B 0.0% 54.6% 45.4%
C 98.0% 2.0% 0.0%
D 0.0% 100.0% 0.0%
F 0.0% 57.9% 42.1%
AVERAGE 24.5% 53.7% 21.8%

These results are specially worrying in Plant-A
where we can see, from average values, that 30% of
modules are below -3% of nominal power. Also, iisth
plant there are two manufacturers (A and C) with
extremely high percentage of modules with peak powe
below tolerance which will produce very high ecomom
losses during their operation lifetime. This sitoat
occurs in Plant-B as well, where manufacturer C prtsse
98% of the modules with peak power below tolerance.
Other important observation is that manufacturepply
modules with a certain nominal power covering large
range of power, so there will be modules with high
differences in their electrical parameters. In ttase, an
extra effort in module classification will be nesasy to
avoid mismatch losses.

3.3 Electrical isolation

This test determines if modules are electrically
insulated enough between current conductive parts a
frame. Test was carried out according to [4] witlpit
testing station with relative humidity lower thab%s.

All modules have satisfactorily passed test. Havev
it is important to underline that tested modulegehaot
been installed yet. From our experience, moduldh wi
isolation failures have been detected in other tplan
especially after frost days.

3.4 IR Thermographic inspection

This inspection permits to detect defects which ar
not visible with a naked eye: cracked or broketscélbot-
spot in cells or their connections and solderingn n
active cells or region which do not contribute to
photogeneration and failures in bypass diodes @irin

Table VII shows results during thermographic
inspection.

Table IV: Percentage of thermographic defects in
both plants

Manufacturer Plant-A Plant-B
A 2.0% -
B 22.9% 14.6%
C 15.6% 4.0%
D - 3.1%
E 34.5% -
F - 13.0%
AVERAGE 18.7% 8.7%

Results show that all manufacturer present products
with thermographic defects, especially worryingcese
of manufacturer B, C and E. These defects should be
considered as product defects, so it is necessary t
specify them in the supply contract to be abledjeat
faulty lots.

Figures 6 and 7 show examples of hot spots and
broken cells respectively detected during test.

Figure 6: Hot spots in cells.



Figure 7: module with 7 broken cells

4 CONCLUSIONS

Test results show defective modules detected in all
manufacturers in both PV plants. Visual inspection
shows high percentages of slight defects from 3ta%
18.8% which are not common in other mature indaistri
sectors. Peak power measurement shows worryingggesu
in both PV plants with manufacturers with extremely
high percentages of modules with peak power below
tolerance, 54.0% and 62.5% in Plant-A and 98% in
Plant-B. Thermographic inspection shows worrying
results as well, with average percentage of thermal
defects of 18.7% in Plant-A and 8.7% in Plant-B. All
modules have passed electrical isolation test.

This paper has demonstrate that quality contréi\o6f
modules is an effective tool to mitigate technotadi
risks and economic losses.

As in others industrial sectors, especially in
construction sector, quality control protocols ddobe
implemented in every new project to optimize
performance of PV plants and guarantee expected
economic profits.
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