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Company Snapshot

* CEAisasolar PV advisory firm that is able to provide unrivaled insight into the manufacturing process to ensure the success
of solar energy projects worldwide
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Global Footprint

Since 2008, CEA has developed successful client engagements in 35+ countries and increased employee presence across
10 countries
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A lighter approach to module testing

CEA randomly selects 5* modules

* The pv magazine test is not meant
to replace certification or

PV Magazine Testing Program Flowchart
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e At the same it must be relevant
and useful to buyers and sellers.

e The test has been designed and is
monitored and supervised by CEA.

e |t takes place at Gsola's lab in
Xi'an, China.
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LID test
Exposurein LID
chamber at 80kWh/
m2. CEA supervises
the test initiation

EL imaging
under
CEA’s remote
supervision

Pmax under STC
measurement under
CEA’s remote
supervision

CEAremotely
records the values
and scores results

*

*k

l

Outdoor installation
under CEA
supervision

CEAremotely
monitors system
values (energy
yield).
Scoring system TBD

PID test
96 hours at 85°C,
85% RH, -1,000V.
CEA supervises the
test initiation

Gsola performs EL
imaging under
CEA’s remote

supervision

Pmax under STC
measurement under
CEA’s remote
supervision

CEAremotely
records the values
and scores results

Low irradiance test

Pmax measurement

at 200 W/m2, 25°C.
CEAsupervises

Pmax temperature
coefficient
measurement
(temperature

matrix, Pmax
measurements at 1
sun irradiance,
60°C, 50°C, 40°C,
30°C).
CEA supervision

CEArecords the
values and scores
results

LID option: 5modulesifLID test is performed (1 module is spare, in case a module is accidentally damaged in the lab)
G-shock grade is maximum 25g, with unique serial

*** Random selection by CEA of the modules that will be assigned to each of the sequences Ato D.
Notes for LID testing: 1) No LID test: CEA remotely supervises sample selection,
2) With LID test: CEA engineers will witness the sampling, packing and sealing of the modules in the box

CEA

CEAengineer
records values and
test conditions

to CEA

EL images are
checked, defects are
recorded and risc-
scored according to
CEA’s RPN
methodology

6121510.1.2 and
CEA’s QC criteria

Visual defectsare
recorded and risk-
scored according to
CEA’s RPN
methodology

Light-soaking precautions:

The modules are not required to be light soaked (stabilized).
To avoid accidental exposure of modules to light, Gsola lab will take measures to
store modules in dark conditions when not handled for testing.
CEA will monitor Gsola’s lab remotely via webcams and CCTV.
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pv magazine test features

e Benchmark testing

Results are graded on a scale of 1-100

1 Visual inspection 10%

e Product quality testing
Visual inspection 2 ELimage inspection 10%
ELinspection

3 Low irradiance efficiency loss 25%

e Characterization testing

Low Irradiance Loss 4

o Pmax temperature coefficient 25%
Power Temperature Coefficient
.y epe . 5 PID loss 30%
e Reliability testing °
PID test
LID test (optional) 6 LID loss (optional) Graded separately, not part of
average grade
e Energy Yield 7  Outdoor energy yield Graded separately

Outdoor energy yield performance
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pv magazine test average grades

* 13 products from 10 Average Test grades
manufacturers have been tested

so far.

e Each test or inspection result is
given a grade from 1-100.
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* The grading system is detailed in
the December 2017 issue of pv
magazine.

* The average grade depicts the
average performance of tests 1-5.

e LID, which is optional, and
outdoor energy yield, will be " " " " " 5 : " 5 " A " "

benchmarked separately. S01  S02  S03 S04 S05 S06 S07  S08  S09  S10
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Visual and EL test grades

e Manufacturer SO5, has submitted Visual and EL Test grades
3 products (A, B and C) for
testing, and got very high grades
in the total 6 visual and EL
inspections: 5 times a perfect
grade of 100 and 1 time a very
high grade of 86.

* This shows a very good quality
level in production, as there
were very few defects.

e Random sampling from a large
quantity ensures a level playing
field for all manufacturers.
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S01 S02 S03 S04 S05 S06 S07 S08 S09 S10
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Low Irradiance Efficiency Loss

e The product of manufacturer SO1
has almost zero loss, which is
very beneficial for installations
with low light conditions.

Low Irradiance Efficiency Loss Test Results

e Manufacturer S04 has a negative
loss, which is effectively a gain,
meaning that the module
efficiency improves in low light

e Manufacturers SO5 and S10 also
have very low losses.

* This can be explained by the o
advanced cell architectures
employed, that show better
efficiency in low light than
conventional cell types.

S06 S07 S08 S09 S10
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Pmax Temperature Coefficient

* We observed that advanced cell Pmax Temperature Coefficient Test Results
architectures exhibited better

(lower absolute values)
temperature coefficients,
typically between -0.40%/°C and
-0.38%/°C.

* Conventional cells reached even
as high as -0.46%/°C, which can
be very detrimental to energy
yield in hot climates.
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PID loss

e Manufacturer S02 had almost 0% PID, and PID Test Results

this is due to a very special cell
3.31%
3.04%
2.46%
0,
2.07% 88 oco,

0.48%
C A B A A A

architecture that is not prone to PID.
e  Manufacturer SO5 had mixed results, with
S01 S02 S03 S04 S05 S06 S07 S08 S09 S10

one sample showing very high degradation
and another one showing very low. The
high result may be due to an unsuitable
encapsulant but is also amplified by the
fact that the cell was bifacial, as bifacial
modules are more sensitive to PID than
monofacial modules.

4.84%

* Another interesting observation, not
depicted in the charts, is that testing for
PID at -1,500V has a non-proportional,
enhanced effect on PID, which we
observed when testing the same product
at -1,000V and -1,500V and found a tripling
of the degradation.

A
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The outdoor test

e As part of the pv magazine test
program, Gsola has prepared an
outdoor installation field in Xi‘an,
China, on the rooftop of a building
that houses its manufacturing
facilities and the test lab where the
pv magazine tests are conducted. ey : - __ |

e Xi'an has a temperate climate, with C e L ==

cold winters and mildly humid, hot Gsola outdoor test field in Xi’an Optimizers and high precision meters
summers.
* Each product will be installed in the Outdoor test schematics
test field for a 12-month periOd, and lll!ll TIRMTTI llIlI“II
Monitorin
its energy yield (kWh/kWp) will be |||||l|| ||l||l|| I software.
. llllll ] IIIHII ] IIIII[III
monitored and measured. (OO0 | MVUOTD | (OO o o
* Dedicated areas have been designed J J | —
for the monitoring of bifacial modules ooco|  [0o00|  |9060 Meters
* The first results will start coming in F G G opinices Inverter
July 2018.
Monitoring schematic Weather station
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Thank you!
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