PV Tech’s analysis of the “Top
Performers’in PVEL's 2020 PV
Module Reliability Scorecard’

Mark Osborne analyses the sixth instalment of PV Evolution Labs’ annual module

rankings and the insights it offers into the state of PV reliability and performance as technological

change continues apace

he PV Module Reliability Score-
card, now in its sixth edition,
ranks commercially available
PV modules by their performance in
PV Evolution Labs’ Product Qualifica-
tion Programme (PQP). The PQP is a
comprehensive, rigorous test regime
that assesses reliability and performance
of PV modules.

The 2020 PV Module Reliability Score-
card’report, undertaken each year by PV
Evolution Labs (PVEL) in partnership with
DNV GL, has continued to raise questions
over key aspects of module reliability.

This is not just because of the acceler-
ated development and introduction of
new modules that drive the levelised
cost of electricity (LCOE) down but
because well-known and proven reliabil-
ity testing sequences still catch out
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products that fail to meet the required
degradation rates of less than 2% to
become a recognised ‘Top Performer’
according to PVEL's scoring system.
Granted, PVEL’ testing sequence crite-
ria have evolved over the years, primarily
to increase cycle-times that further push
the ability of modules to meet the Top
Performer requirements as part of the
lessons learnt during the evolution in
module reliability testing.
A good example of this would be
the PVEL damp heat (DH) test, where
it has become well known that under
the IEC 61215 electrical safety test,
a DH duration of only 1,000 hours is
required, which led to relatively few
modules experiencing electrical safety
issues regardless of the Bill of Materials
(BOM) used meeting IEC test conditions.

PVEL subjects
modules to
rigorous testing
to assess their
reliability and
performance

However, PVEL doubles the number of
cycles to 2,000, which has uncovered
number of degradation issues that
reduce module performance well past
the 2% PVEL degradation rule. As such
the DH test remains a benchmark for
module reliability as the number of BOM
variations continue to increase in the
pursuit of lower LCOE metrics.

Importantly, in the 2020 report, PVEL
has also added a boron-oxygen (BO)
stabilisation step to the tough damp
heat testing regime as the test’s high
temperature and no current environ-
ment can also lead to destabilisation
of the passivated BO complexes within
some PERC cells, according to PVEL.

To further explore this problem, PVEL
added a post-DH2000 boron-oxygen
stabilisation process to its PQP sequence.

The more recent introduction of
potential-induced degradation (PID)
testing is another development in line
with the mass introduction of Passivated
Emitter Rear Cell (PERC) technology
that can suffer this type of performance
degradation, undermining the perfor-
mance benefits of the cell technology
and therefore the claimed lower LCOE.

Although PVEL is also introducing a
light and elevated temperature-induced
degradation (LeTID) test, this was only
announced in mid-2019 and so more
time is required for this new test to be
introduced, primarily for mono-PERC
cells. As a result, the LeTID susceptibility
test highlighting Top Performers did not
appear in the current report. This was
also true for the new backsheet durabil-
ity sequence.

In keeping with previous analysis of
PVEL's report we will first look at the four
historical reliability tests and the devel-
opments noted in the latest report.



In PVEL's thermal cycling test sequence,
modules are placed in an environmen-
tal chamber where the temperature is
lowered to -40°C, dwelled, then increased
to 85°C and dwelled again. Maximum
power current is applied to the modules
while the temperature is increased and
decreased.

A total of 600 cycles, repeated 200
times over three periods is said to equate
to about 84 days in the climate chamber.
However, PVEL previously ran the TC test
with 600 cycles but had increased this to
800 cycles in recent years. DNV GL had
noted in the PV Tech-hosted TechTalk
webinar and in the report that the
lowered number of cycles was due to its
analysis that the TC600 test was actually a
sufficient test duration with few reliability
excursions being meaningful or could
introduce non-representative failure
mechanisms when undertaking the
extended test. It should be noted that IEC
61215 testing requires only 200 cycles,

PV Modul facturer Module Thermal Cycling
Adani/Mundra ASP-7-AAA
ASP-6-AAA
Astronergy CHSM72P-HC-xxx

CHSMB0P-HC-xxx

CHSM72M-H C-xxx

CHSM60-HC-xxx

CHSM72M(DG)-B-xxx

which has proven insufficient.

PVEL had previously noted that
thermal cycling performance improved
42% in the 2019 scorecard, even though
it used TC800 sequence.

In the 2020 report, PVEL noted strong
results from a host of wafer, cell and

modaule varieties such as standard and

half-cut cell module types, as well as thin

film, shingled cells, multi-bus bar and

heterojunction (HJT) modules.

There were nine PV module manufac-

turers that achieved Top Performer status

in the thermal cycling tests in 2019,

compared to 17 manufacturers in the

2020 TC tests.

It should be noted that both glass-
glass and glass-backsheet bifacial

modules achieved Top Performer status

in the 2020 TC tests and that a total of 54

different modules were recognised as Top

Performers. In 2019 the number of Top

Performer modules was 24.

In PVEL's damp heat tests, PV modules

are placed in an environmental chamber

and held at a constant temperature of

85°C and 85% relative humidity for 2,000

CHSM60M (DG)-B-xxx

PV Module Manufacturer

Module Thermal Heat Cycling

GCL-M3/72GDF

CanadiriSohn CSIIEMS Astronergy CHSM72P-HC-xxx
First Solar FS-6x00A CHSMGOP-HC o0
GCL-SI GCL-M3/72H CHSM72M-HC-xxx
CL-M3/60H CHSM60-HC-xxx
GCL-M6/72H CHSM72M(DG)-B-xxx
GCL-M6/60H CHSM60M (DG)-B-xxx

Canadian Solar CS1H-MS
GGCCLI_“:llﬁal;;zi)Dl-lF First Solar FS-6xxxA
GCL-M6/72DH GCL-SI GCL-M6/72H
Hanwha Q CELLS Q.PEAK DUO G5 GCL-M6/60H
Q.PEAK DUO L-G5.2 GCL-M6/72H
Q.PEAK DUO G6 GCL-M6/60H
Q.PEAK DUO G7 Hanwha Q CELLS Q.PEAK DUO L-G5.2
Heliene T2M-xxx Q.PEAK DUO G6
60MBLK HOME PV Q.PEAK DUO 67
HT-SAAE HT72-156M (V) e 7
HT60-156M (V) s A
HT72-156M (PDV)-BF 60MBLK HOME PV
HT60-156M (PDV)-BF HT-SAAE HT72-156M (V)
JinkoSol JKMxxxM-72HL-V HT60-156M (V)
JKMxxxM-60HL-V HT72-156M (PDV)-BF
LONGi Solar LRA4-72HPH-xxxM / LR4-60HPB-xxxM HT60-156M (PDV)-BF
LR4-72HPH-x00cM / LR4-60HPB-x00M inkosolak AKMOOMTZHEY
JKMxxxM-60HL-V
LR6-72PH-xxxM / LR6-60PB-xxxM LONGI Solar LR4-60HPB-xxxM
LR4-72HIH-xxxM / LR4-60HIB-x00M LR6-72PH-xxxM
LRA4-72HIBD-xxxM / LR4-60HIBD- Panasonic VBHNxxxSA17
xxxM REC Group RECxxxTP2M
Panasonic VBHNXxxSAL7 Safaby SR
REC Group RECxxTP2ZM Aol
Silfab SLGxooM Sunergy California (CSUN) CSUNxxx-72MH5
SLAxxxM CSUNxxx-60MH5
Suntech STPxxxS-24/Vfh Trina Solar TSM-xxxPE14H
STPxxx$-20/Wfh TSM-xxxPEO5H
Trina Solar TSM-xxxPE14H Vikram Solar Eldora VSP.72.AAA.05
TSM-x00PEOSH VSP.60.AAA.05
ZNShine 2XP6-72-00(/P Somera VSM.72.AAA.05
Figure 1. There were nine PV module manufac- VSM.60.AAA.05
ZNShine ZXP6-60-xxx/P

turers that achieved Top Performer status in the
thermal cycling tests in 2019, compared to 17
manufacturers in the 2020 TC tests

Figure 2. There were six Top Performers in the 2019

damp heat tests, compared to 13 in the 2020 scorecard

hours (about 84 days in total). The heat
and moisture ingress stress the layers of
the PV module. In comparison, IEC testing
has a duration of only 1,000 hours.

There were six Top Performers in the
2019 damp heat tests, compared to 13 in
the 2020 scorecard, a significant increase
from previous years.

PVEL noted that this was mainly due
to newer bifacial glass-glass and glass-
backsheet module BOM shifting from EVA
to POE in glass-glass modules, having
performed poorly in previous DH tests.

A significant number of tested modules
in 2018 and 2019 had exhibited greater
than 4% degradation, according to previ-
ous PVEL reports.

As a result, the number of different
modules achieving Top Performer status
also increased to 32 in the 2020 score-
card, compared to 16 in the 2019 report.

In the dynamic mechanical load (DML)
testing, PVEL installs a module accord-
ing to the manufacturer’s recommended
mounting configuration, then subjects it
to 1,000 cycles of alternating loading at
1,000 Pa. The module is then placed in an
environmental chamber and subjected
to 50 thermal cycles (-40°C to 85°C) to
cause microcrack propagation, then three
sets of 10 humidity freeze cycles (85°C
temperature and 85% relative humidity
for 20 hours followed by a rapid decrease
to -40°C) are used to stimulate potential
corrosion.

The modules are then characterised
and inspected visually to evaluate the
status of the module’s frame, edge seal
and cell interconnections. The dynamic
mechanical loading can induce micro-
cracks that do not necessarily result in
significant power loss, according to PVEL,
yet only after thermal cycling and humid-
ity freeze testing that metal conduc-
tors affected by cell cracks can break,
which leads to black inactive areas and
increased power degradation.

The DML testing sequence was
tweaked in the 2019 Scorecard to include
30 humidity freeze cycles. About 80% of
the historical test data included only 10
humidity freeze cycles, according to PVEL.

As a result, the percentage of dynamic
mechanical load sequence Top Perform-
ers fell by 37% in the 2019 results, versus
historical results, according to PVEL. There
had been nine PV module manufacturers
that had achieved Top Performer status in
the 2019 DML tests; in the 2020 scorecard
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Module Dynamic Mechanical

PV Module Manufacturer Load (DML)
Adani/Mundra ASP-7-AAA
ASP-6-AAA

Astronergy CHSM72P-HC-xxx

CHSMG60P-HC-xxx

CHSM72M(DG)-B-xxx

CHSM60M (DG)-B-xxx

Canadian Solar CS1H-MS
LONGi Solar LR6-72PH-xxxM
LR6-72HPH-xxxM
LR6-60HPH-xxxM;
LR6-60HPB-xxxM
REC Group RECxxxTP2M
Silfab SLGxxxM
SLAxxxM
Vikram Solar Eldora VSP.72.AAA.05
ZNShine ZXP6-72-xxx/P
ZXP6-60-xxx/P

Figure 3. A total of 16 different modules had achieved DML

Top Performer status in the 2019 scorecard, compared to 19 in

the 2020 report

PV Module M.

Tack

Module PID

urer

Adani/Mundra

ASP-7-AAA

ASP-6-AAA

Astronergy

CHSM72P-HC-xxx

CHSM60P-HC-xxx

CHSM72M-HC-xxx

CHSM60-HC-xxx

CHSM72M(DG)-B-x0x

CHSM60M (DG)-B-xxx

Boviet Solar

BVM6612M-xxx-H

BVM6610M-xxx-H

First Solar

FS-6xxxA

JA Solar

JAM72509-xxx/PR

AM60S09-xxx/PR

JinkoSolar

JKI 72HL-V

JKMxxxM-60HL-V

JKMxxxM-72H-TV

JKMxxxM-72HL-TV

LONGi Solar

LR6-72PH-xxxM

LR4-72HIBD-xxxM

LR4-60HIBD-xxxM

Panasonic

VBHNxxxSA17

SunPower

SPR-Axxx-G-AC

Suntech

STPxxxS-24/Vfh

STPxxxS-20/Wfh

Trina Solar

TSM-xxxPE14H

TSM-xxxPEOSH

TSM-xxxPE14A

TSM-xxxPEOSA

TSM-xxxDE14A(ll)

TSM-xxxDEO5A(l)

Vikram Solar

Somera VSM.72.AAA.05

VSM.60.AAA.05

ZNShine

ZXP6-72-xxx/P

ZXP6-60-xxx/P

Figure 4. A total of 47 different modules achieved
Top Performer status in the PID tests in 2020
scorecard, compared to 34 different modules in

the 2019 report
PV Module Manufacturer Module PAN File
Astronergy CHSM72M(DG)-B-xxx
CHSM60M (DG)-B-xxx
GCL-SI GCL-M3/72GDF
GCL-M6/72GDF
HT-SAAE HT72-156M (PDV)-BF
JA Solar JAM72509-xxx/PR
JinkoSolar JKMxxxM-72H-TV /
JKMbooxM-72HL-TV
Panasonic VBHNxxxSA17
Trina Solar TSM-xxxDE14A(ll)

Figure 5. Seven PV module manufacturers that achieved
Top Performer recognition in the first PAN file test, which
included 10 different modules
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that number declined to eight, proving
the DML test is proving more difficult to
pass year-on-year. PVEL put this down to
several reasons, including BO destabilisa-
tion in PERC cells because of the damp
heat conditions during humidity freeze
testing.

PVEL also noted that module
performance was susceptible to power
loss caused by cell cracking and rapid
temperature changes, as part of the new
mechanical stress sequence (MSS). PVEL
plans to release a separate publication
featuring MSS results in the coming
months. PVEL also reported that both
glass-glass and glass-backsheet bifacial
modules had shown similar performance
results following the DML sequence.

A total of 16 different modules had
achieved DML Top Performer status in the
2019 scorecard, compared to 19 in the
2020 report.

PVEL's PID test is carried out in an
environmental chamber with voltage bias
equal to the maximum system voltage
(MSV) rating of the module (-1,000 V or
-1,500V) being applied under 85°C and
85% relative humidity for two cycles of
96 hours. These temperature, moisture,
and voltage bias conditions allow PVEL to
evaluate degradation related to increased
leakage currents.

Results from the 2019 Scorecard
showed 15 PV module manufacturers
have PID under control, which was lower
than the 20 companies achieving Top
Performer status in the 2018 test report.

The number of PID Top Performers
in the 2020 report stood at 20 out of 22
companies reported to have been in
the tests that received at least one Top
Performer award from the four historical
reliability testing regimes.

Importantly, a total of 47 differ-
ent modules achieved Top Performer
status in the PID tests in 2020 scorecard,
compared to 34 different modules in the
2019 report.

However, PVEL noted in the latest
report that the median PID degradation
results had been higher than at any time
in its 10 years of testing.

In reference to PID testing of bifacial
modules, PVEL noted that there was both
a wide range of front-side and rear-side
cell degradation, with bias towards
higher degradation on the rear side cell.
In one case, PVEL reported power loss of
over 30%.

Some of the rear-side degradation was
said to be due to a reversible polarisation
effect that could occur in bifacial modules
during PID testing, but not all p-type
bifacial modules suffered this issue.

New to the Top Performer rankings test is
PAN files. This is analysis PVEL has used in
its PQP work but is the first time included
in benchmarking module energy yields
with PVsyst software.

The procedure is to have three identi-
cal PV modules tested across a matrix of
operating conditions per IEC 61853-1,
ranging in irradiance from 100W/m? to
1,100W/m? and ranging in temperature
from 15°C to 75°C. Two 1MW PV plant
site simulations are undertaken with one
site in a temperate climate at a 0° tilt (in
Boston, USA), and a TMW site in a desert
climate at 20° tilt (in Las Vegas, USA).

A custom PAN file is then created with
PVsyst's modelling software that enables
PVEL to measure the highest kWh/kWp
energy generation based on its measure-
ments of details such as temperature
losses and low-light conditions.

PVEL noted that its historical PAN file
data from all PQPs since 2016 meant
that only 4% of modules tested would
receive a 2020 Scorecard Top Performer
designation.

There are a lot of moving parts in this
testing, not least in relation to bifacial
modaules. The lack of real-world data on
operating bifacial plus tracker PV power
plants has challenged PVsyst model-
ling accuracy, especially in low-light
conditions, according to presentations at
the last BiFi workshop in Amsterdam, in
September 2019.

PVEL noted that that bifacial modules
showed a step-function performance
improvement as two thirds of the Top
Performers were bifacial modules. The
exclusion of inverter clipping at the
simulated PV power plant in Las Vegas
led to mono-bifacial modules generating
7.7% higher median output higher than
monofacial modules. At the simulated
horizontal tilt site in Boston the median
bifacial energy yield was 3.3% higher
than the monofacial median.

Other differentiated yield performanc-
es simulated included a heterojunction
module, which obviously offered high
temperature performance gains, due to
having some of the lowest temperature
coefficients.

It should be noted that the data



PVEL: 2020 PV Module Reliability Scorecard
‘Top Performer' Rankings
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Figure 6. The total number of Top Performer rankings a
company achieved in the 2020 scorecard, regardless of the
number of modules entered for testing by any given module
manufacturer
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Figure 7. Top Performers including the number of PV modules
tested

presented below is only from PVEL's
PAN testing as part of a PQP where the
samples are factory witnessed.

As a result, there were seven PV
module manufacturers that achieved
Top Performer recognition in the first
PAN file test, which included 10 different
modules.

We should make it clear that in compil-
ing PVEL's 2020 Top Performer rankings

analysis from the historical four key
module reliability testing regimes, PVEL
has reiterated that not all PV module
manufacturers undertaking the scorecard
are required to make the testing results
public.

Also, it is important to clarify that
several PV module manufacturers that
achieved Top Performer ratings in some
categories were listed in the 2020 report,
yet PVEL had not completed full tests on
some of these manufacturers’modules
at the time of the report’s publication,
which could include some manufactur-
ers’modules only achieving a few Top
Performer rankings but when full testing
is completed could have achieved more
Top Performer rankings.

The chart in Figure 6 is a compilation
of the 22 PV module manufacturers that
successfully achieved Top Performer
status for any number of modules in the
2020 Module Reliability Scorecard that
have been made public but may also
have not completed all test when PVEL
published the report. Basically, this chart
is just the total number of Top Performer
rankings a company achieved in the 2020
scorecard, regardless of the number of
modules entered for testing by any given
manufacturer.

Figure 7 also ranks manufacturers
by the total number of Top Performer
awards, but also breaks out the number
of different modules tested from these
manufacturers that contributed to each
manufacturer’s total.

We can note that the first two
manufacturers listed, Astroenergy
and LONGi Solar achieved the highest
number of Top Performer awards with a
contrasting number of modules tested.

However, further down the rankings
PV manufacturers'Top Performer
awards coupled to the number of
different modules receiving awards is
more uniform. This indicates that some
companies are outperforming others
from the perspective of having achieved
Top Performer status in all four histori-
cal testing regimes, sometimes for just
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PV Module Manuf:

1.Thermal Cycling

2.Damp Heat

Load (DML)

Degradation (PID)

5.PAN File

|Astronergy CHSMT2P-HC-xxx CHSM72P-HC-x0x CHSM72P-HC-xxx CHSM72P-HC-xxx

|Astronergy CHSMBOP-HC-xxx (CHSMBOP-HC-xxx CHSMBEOP-HC-xxx CHSMEOP-HC-xxx

|Astronergy CHSM72M(DG)-B-xxx CHSM72M(DG)-B-xxx |CHSM72M(DG)-B-xoox  [CHSM72ZMIDG)-B-xxx CHSM72M|DG)-B-xxx
|Astronergy CHSMBEOM (DG)-B-xxx CHSMBOM [DG)-B-wxx |[CHSMEOM (DG)-B-xxx  [CHSMEOM (DG)-B-xxx CHSMEOM [DG)-B-xxx
|Silfab SLGxxxM SLGxcM SLGxxxM SLGxxxM

|5ilfab SLAooM SLAxxxM SLAxocM SLAsoccM

|LOMGI Solar LRE-72PH-xxxM LRE-72PH-x00xM LRG-72PH-xxxM LRG-72PH-xxxM

|REC Group RECxxxTP2M RECxxxTP2ZM RECxxxTP2M RECxxxTPZM

Figure 8. There were four manufacturers that achieved this position in the 2020 Scorecard, one more than

last year

one module but also for several different
modules.

One example of a PV manufacturer
achieving Top Performer status in all four
historical testing regimes with only one
module is REC Group. An example of a PV
manufacturer achieving Top Performer
status in all four historical testing regimes
with more than one module is Silfab.

Although this is hard to detect in
the Figure 7 table, breaking out all the
PV manufacturers that achieved Top
Performer status in all four historical
testing regimes, regardless of the number
of different modules tested, provides the
elite group (see Figure 8) of Top Perform-
ers from the 2020 scorecard.

As noted previously, REC Group is
represented in this elite group with its
monocrystalline PERC-cell based “TWIN
PEAKS 2'module, in case people are not
familiar with its module part numbering
system.

LONGi Solar’s HIMO 1 module, which is
a mono PERC-based module, is also listed
as it achieved Top Performer status in all
four historical testing regimes.

North America-based PV manufacturer,
Silfab, punched well above its manufac-
turing weight (capacity) with two mono
PERC-based modules achieving Top
Performer status in all four historical
testing regimes.

Finally, we have China-based Astron-
ergy that had four modules out of six
different product offerings receive Top
Performer status in all four historical
testing regimes. These elite Top Performer
modules include Astronergy’s Astro
Twins half-cut mono PERC, half module
designed product offering.

The company was also amongst
the few manufacturers to achieve Top
Performer status in the new PAN file
performance analysis. As such, Astroner-
gy has set the bar very high for next year.

Indeed, PVEL indicated that in the 2020
scorecard testing, several tests, notably
DML may have been the toughest test to
achieve Top Performer status but there
were a number of PV manufacturers
modules that were very close to the 2%
deviation rule. Therefore, the number
of manufacturers with a clean sweep of
the historical testing regimes could have
been much higher than in previous years.

That said, the 2021 scorecard should
include the planned new testing catego-
ries and so in many respects will be a new
class of Top Performers from that point
onwards.
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