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Kiwa PVEL is the Independent Lab of the Downstream Solar Market

10+ 600+ 400+ Services at a glance

Years of Bills of materials Downstream @ Extended reliability and
experience tested in the lab partners performance testing for PV modules

@ Batch testing of PV modules

@ Outdoor testing at PVUSA, an iconic
grid-connected research site

Our mission is to support the worldwide solar and @ Data services for PV buyers and
energy storage buyer community by generating data investors

that accelerates adoption of solar technology. . _
See more details at kiwa.com/pvel
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Kiwa Overview

& Kiwa is a global testing, inspection and certification (TIC) company, founded in 1948.

& Headquartered in Rijswijk, the Netherlands with more than 10,000 employees, working in over 37 countries.
Kiwa is primarily active in renewable energy, construction, manufacturing, fire safety, medical devices, food
& water.

& Kiwa’s solar businesses at a glance:

[Technical Advisory [PV TestingJ [ Inverter Testing [ Battery Testing [Factory Inspection ‘ [ Field Inspection } [ Engineering [Market Intelligence
—{Italy: Moroni } —{Italy: Kiwa l Italy: Creiven l Germany: Primara ] _{Eglr;)pe: PR, Kiwa] “Enl:)rr%?\?: PIEE l Europe: Moroni ] Global: PVEL/PI Berlin
—[Europe: Pl Berlin ] —{Gerrnany: PI Berlin ] Germany: Primara ] USA: PVEL (outdoor) ] —[Americas: Pl Berlin } USA: PI Berlin ]

i o fef ei ands: BDA i Taiwan: Extel ] _{ e 5 ] — l
USA: PI Berll 3 B
JBs and racking) l USA: PVEL (outdoor) l (outdoor) /Asia: Pl Berlin Taiwan: Extel
e | o]
China: PI Berlin
Taiwan: Extel (outdoor)

& Kiwa’s mission is to create trust by contributing to the transparency of the quality, safety and sustainability
of products, services and organizations as well as of personal and environmental performance.
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Kiwa PVEL PQP Test Sequence

These test streams evolve based on
feedback from Kiwa PVEL's downstream
partners, module manufacturers, and
the industry’s collective understanding
of module failure modes and test
mechanisms.

Learn more at kiwa.com/pvel/pgp
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Factory Witness

AllL Bills of Materials submitted for testing are witnessed in production from opening of raw materials

uv
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packages through every step of the production process to final packaging with tamper-proof tape.

Testing Abbreviations

CID: Current induded degradation
induced degradation

TC: Thermal cycling

DH: Damp heat

SML: Static n anical load

DML: Dynamic mechanical load

HF: Humidity freeze

MSV: Maximum system voltage

UVID: Ultraviolet induced degratation

UV: Ultraviolet

LETID: Light and elevated temperature-induced degradation

PAN File: PVSyst .pan file
1AM: Incidence angle modifier

Characterizations
IV: Flash test at STC
EL: EL image at Isc
LIC: Flash test at 200W/m:

LCEL: EL image at 1/10"Isc

VI: Visual inspection

WL: Wet leakage

Diode: Diode test

Color: Backsheet color measurement
Capacity: Capacity testing

Note: Not all measurements are taken at each step
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The 2024 py
Module Reliability
Scorecard

Welcome to the 2024
Scorecard

The annual PV Module Reliability Scorecards lists top
performing manufacturers and insights from Kiwa PVEL's PQP.

Visit
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PV MODULE
RELIABILITY SCORECARD

(1 More Top Performers
(1 Global Presence - 13 Countries

0 New Players - 20 First Timers

1 More failures than ever before
(166% BOM had at least one failure

1 Only 4 BOMs (~1% of the total ) were Top
Performers in all seven categories


http://www.scorecard.pvel.com/

Bankability Pyramid JPVTECH

Kiwa PVEL PQP Participants AN oncisou AP

Blue highlight: 52 manufacturers who
have completed a Kiwa PVEL PQP

sample production factory witness A F[RQST—;Z?EFERS&CN—AEN&DQ?;T(s%sgwa A

AA JA SOLAR, TRINA SOLAR AA

within the past 18 months.

. BBB DAS SOLAR BBB
(Not all PQP participants .
DMEGC, HANWHA Q CELLS, SERAPHIM, WAAREE
are shown here.) BB o =8
B ADANI, BOVIET, EGING, GCL-SI, RUNERGY, VSUN B

CCC+ PHONO SO% SUNTECH POWER, YINGLI, ZNSHINE ccc+

AKCOME, HT-SAAE, JOLYWOOD, MAXEON, QN-SOLAR
SOLARSPACE, SUNOVA SOLAR (THORNOVA SOLAR), TSEC
cC+ CECEP, ELIN (SIRIUS PV) , GOLDI, HELIENE| HOYUAN (HY SOLAR) cec+

HUASUN, MOTECH [REC'GROUP; SHUANGLIANG, SOLARGIGA, UREC, VIKRAM
BYD, EMMVEE] HANSOL, HEVEL/UNIGREEN [JETION, LUXEN SOLAR
NEWEAST. PHILADELPHIA SOLAR, RENEWSYS, [SILFAB| SUNPORT, TALESUN
CSG, DEHUL, IMPERIAL STAR, JG SOLAR, PREMIER ENERGIES
RAYZON ENERGIES, S-ENERGY, SHINSUNG, SPI ENERGY (SOLAR4AMERICA)
OTHERS INCL:, ELITE SOLAR, ENEL GROUP (3SUN)

JAKSON, MEYER BURGER. MISSION SOLAR, SAATVIK, TATA POWER, WEBSOL

Ccc ccc

ccC cc

C+ C+

Provisional End Q2°24 Ratings: subject to changes post company reporting & PV-Tech in-house data refreshes.
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Some 2024 Scorecard Highlights




Three Key Takeaways

a Comparison of Test Results across Technologies
a Deep Dive on UVID Results

a Deep Dive on PAN and IAM Results
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o Comparison of Test Results across Cell Technologies

Median for Median for

TEST Key Takeaways
PERC TOPCon v g
0’* Thermal Cycling 0.6% 0.7% While medlf';m degr?datlon is statistically aligned, there were
A more negative outliers for TOPCon
@ Damp Heat 1.4% 1.6% While medlf';m degrgdatlon is statistically aligned, there were
more negative outliers for TOPCon
111 gﬂezzheannci:al stress 0.9% 0.8% No meaningful difference across results cell technologies
Hail Stress Sequence 0.9% 0.8% No meaningful difference across results cell technologies

See next slide for more

Py B (

Range shown also represents that of G//G and G//BS. Cell and

PID 1.6% - 2.0% .
° ° backsheet types not a key driver but encapsulant matters
L3 : 4
% LID + LETID 0.3% 0.2% Industry has largely seemed to solve this issue

Note on HIT: Improvement in TC results. DH results have a wide range. LID + LETID degradation is negligible.
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Hail Stress Sequence Results E;’j

[J—
[J—

Glass // Glass

Glass // Backsheet

& 50 mm hail glass breakage rates:

0 89% of 2.0 mm glass//glass 1:Zi
a 40% for 3.2 mm glass//backsheet 80%
a No hail-related power degradation > 3%. 70%
m Negligible cell technology impacts. o
& New hail hardened module designs are jg;
apparently coming. -
& Junction box lids falling off from hail 0%
impacts is a nuisance. 10%
0%

°

7.7J-35mm 12.9J - 40mm 20.7J - 45mm 32.4J - 50mm 20.7J - 45mm 32.4J - 50mm
(2.0mm glass//glass) (2.0mm glass//glass) (2.0mm glass//glass) (2.0 mm glass//glass) (3.2mm glass// (3.2mm glass//
backsheet) backsheet)

®mNo Glass Breakage mGlass Breakage
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LY . 4
UVID Results -@-

Initial Key Takeaways
m Power loss following 120 kWh/m? of
UVID ranged from 0.6% to 16.6%.

& UVID-stable TOPCon BOMs are
possible, but some manufacturers
have work to do.

& Initial results show HJT
susceptibilities, and higher
degradation for PERC than expected.

& The degradation mechanisms
behind UVID are not fully
understood. Research is ongoing.
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60
Front side UV dose (kwh/m?)
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o PAN Results

TOPCon 85
Typical TOPCon datasheet
= bifaciality (80%)
Avg. Pmp Temp
Coefficient -0.32 -0.30 -0.26 75

[ o
(%/°C) Typical PERC datashee
bifaciality (70%)

Bifaciality (%)

Avg. Bifaciality

69.3 [ 754
(%)

N
60 .
Avg. Low Light
Performance* -3.6 -4.3 Redacted 55
(%) PERC n-type TOPCon

*As measured via the relative efficiency deviation at 200 W/m?2 compared to 1000 W/m?2. For HIT, the distribution of results was too wide and not statistically
representative of that cell technology

The Top Performer energy yield threshold increased by 0.95% compared to the 2023 Scorecard
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o IAM Results -\l

100
& World class measurement accuracy 5
shows minimal variation in IAM — BoM1 BOM 21
—— BOM 2 BOM 22
performance. — BOM 3 BOM 23
. 80 4 — BOM4 BOM 24
& The typical module outperforms the —EonE owize
PVsyst Fresnel ARC default by a median & — BOM7 BOM 27
s 70 A —— BOM 8 BOM 28
of 0.17%. P~ — BOM9  —— BOM29
- —— BOM 10 —— BOM 30
1 1 - BOM 11 - BOM 31
& The highest performing BOM had a co | — oMz — sonz
modelled energy yield 0.52% higher b
than the lowest performing BOM. BOM 15— BOM 35
50 |—sor7——Lsomra7
. ’ ’ = _
& Kiwa PVEL's measured data doesn’t 0 S e
align with aggressive IAM assumptions. ooN 15 M| PVSystResnelARC
40 1 1 1 1 I I 1
0 10 20 30 40 50 60 70 80 90

Angle Target (degrees)
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We Create Trust

Contact Kiwa PVEL:
pvel@kiwa.com
www.kiwa.com/pvel
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