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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

8 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 Module Testing J l Inverter Testing ‘ [ Battery Testing ] l Factory Inspection ‘ [ Field Inspection ] l Engineering ‘ l Market Intelligencel
—{Itaty: Moroni } —[Italy: Kiwa l Italy: Creiven } Germany: Primara l _[E;;ope (F) Eam, Klwa] I‘Eﬂlgg:‘? (#0 l Europe: Moroni } Global: PVEL/PI Berlinl
—{Europe: Pl Berlin } —{Gerrnany: Pl Berlin l Germany: Primara } USA: PVEL (outdoor) l —[Amencas Pl Berlin } USA: PI Berlin l
USA: PVEL (outdoor) ] (T:L;'m%’grf"te' l —[}Wa PI Berlin ] Taiwan: Extel l
—{Talwan: Extel } —{USA: PVEL l

& 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 Introduction
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Bankability Pyramid

Kiwa PVEL PQP Participants

Blue highlight: 52 manufacturers who
have completed a Kiwa PVEL PQP
sample production factory witness
within the past 18 months.

(Not all PQP participants

are shown here.)
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/ LONGI SOLAR \
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ASTRONERGY, CANADIAN SOLAR
FIRST SOLAR. RISEN ENERGY, TONGWEIL

BB DMEGC, HANWHA @ CELLS, SERAPHIM WAAREE BB

ADANI, BOVIET, EGING, GCL-51, RUNERGY, WSUN

CCC+

AIKO SOLAR, HAITAl HUANSHENG, HYUNDAIL JINNENG
PHONO SOLAR. SUNTECH POWER. YINGLI, ZNSHINE

CCC+

ccc

AKCOME, HT-SAAE, JOLYWOOD, MAXEON, QN-SOLAR
SOLARSPACE, SUNOWA SOLAR (THORNOWVA SOLAR), TSEC

ccc

CC+

CECEP, ELIN (SIRIUS PV} , GELEBITHELIENE] HOYUAN (HY SOLAR)
HUASUN| MOTECH |[RECIGROWE) SHUANGLIANG, SOLARGIGA, UREC, VIKRAM

CcC+

cc

BYD, EMMWEE] HANSOL, HEVEL/UNIGREEN [JETION, LUXEN SOLAR
HEWEAST, PHILADELPHIA SOLAR, RENEWSYS, SILFABR] SUNPORT, TALESUN

cc

C+

C5G, DEHUI, IMPERIAL STAR, JG SOLAR, PREMIER ENERGIES
RAYZON ENERGIES, S-ENERGY, SHINSUNG, 5P| ENERGY (SOLAR4AMERICA)

OTHERS INCL:, ELITE SOLAR, ENEL GROUP (3SUN)
JAKSON, MEYER BURGER. MISSION SOLAR, SAATVIK, TATA POWER, WEESOL

Provisional End Q2°24 Ratings: subject to changes post company reporting & PV-Tech in-house data refreshes.
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The 2024 py \PVMODULE/
Module Reliability RELIABILITY SCORECARD

Scorecard

@ The 2024 PV Module Reliability Scorecard was released on
June 5, 2024.

# New for the 10th Edition:

0 New Top Performer category for hail: modules that
didn’t experience glass breakage (or major visual
defects/wet leakage failures) with 240 mm hail.

The annual PV Module Reliability Scorecards 0 Higher bar for LID+LETID Top Performers.

lists top performing manufacturers and O Better recognition of manufacturers who are Top
insights from Kiwa PVELs PQP. Performers in multiple categories.
To date, the 2024 Scorecard has been O Key takeaways on cell technology impacts and
accessed nearly than ~ 40,000 times from glass//glass vs. glass//backsheet.
solarindustry prc:fe;sionals across the 0 Deep dive into Kiwa PVELs industry leading IAM test.
globe.

Find it at


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

Indian Module Manufacturers in
the Kiwa PVELPQP




Overview Indian Solar Manufacturing

# CHINA PLUS ONE STRATEGY

s STRONG LOCAL DEMAND (~ 87 GW as on April 2024)

# PRODUCTION LINKED INCENTIVES

# BASIC CUSTOMS DUTY + APPROVED LIST OF MODULE MANUFACTURERS (ALMM)
f ~ 65 GW MODULE CAPACITY (as on Dec 2023)

& EXPORTS INCREASED 91% to $2bn in FY24 — USA share was 98.5%

& AT LEAST 8 INDIAN MANUFACTURERS HAVE ANNOUNCED US PRODUCTION PLANS

©OPVEL LLC (“Kiwa PVEL”), 2024.
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PQP Participants
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ALL OF THE MAJOR INDIAN MANUFACTURERS TEST WITH KIWA PVEL
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Intake

Percent of modules with minor defects at intake
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Modules with minor defects at intake, India vs. ROW, 2022-2024

India ROW

W Total modules with minorintake defects @ Presence of foreign materials
® Delamination ® Misalignment

® Nameplate peeling/bubbling Other
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Reliability Testing

el i TC600 in modules from India vs. ROW, 2022-2024
# The module is subjected
_ M india Il ROW to 600 temperature cycles
from -40°C to +85°C.
2.00% @ This test helps to identify
£ 1.00% cell soldering issues.
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Reliability Testing

DH2000/BO in modules from India vs. ROW, 2022-2024
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M india W ROW & The module is subjected to
+85°C and 85% relative
humidity for 2000 hours.

@ This test reveals corrosion
and/or delamination in
susceptible modules.
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Reliability Testing

MSS in modules from India vs. ROW, 2022-2024
@ SML includes 3 rounds of

Caonies : I dOW Ward a nd upWa| d
Stress Sequence

subsequent DML test

% 1.00% comprises 1000 cycles of
EE 0.00% positive-negative loading

£ at £1000 Pa.

& -1.00% # This test reveals

% mechanical strength of the
i 200 . cell interface as well as the

E -3.00% durability and rigidity of

E ¢ the PV module itself.

o
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-5.00%
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PID Results

PID-192 in modules from India vs. ROW, 2022-2024
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LID/LETID Results

D LID+LETID in modules from India vs. ROW, 2022-2024
it soaking B ndia W ROW f LID: 17 modules exposed
> 40 KWh/m? outdoors to light-soak
2.00% .
and flash test until
- 100% . stability.
Sensitvity x @ LETID: 2 post-LID (post-
£ 0.00% CID in V11 PQP) modules
LETID 162 hrs 5 are subjected to 75°C
75°C, 2* (Iscp- Imp) = .
§ -100% with a low current
T . injected for 486 hours
LETID 162 hrs 0% (324 hours in V11 PQP).
75°C, 2* (Iscp- Imp) €
g -3.00%
N -4.00%

- \ - -5.00%

©OPVEL LLC (“Kiwa PVEL”), 2024. kiwﬁ!

PVEL



Premium Partner Program
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Kiwa PVEL’s Premium Partner Program — Dashboard

Achieve data-driven vendor management and identify PV modules that meet your reliability needs.

& Subscribers receive a quarterly Dashboard of Kiwa PVEL's Product Qualification Program (PQP) test results

over a rolling period of 36-months. This allows for easy Approved Vendor List (AVL) management and

identification of potential new suppliers.

Wafer
Module Model & PVEL Factory Edge P.L.D. 192 P.LD. 192

Manufacturer Datasheet Project # Location | Length DHANS/a=E0 Negative Bias) Positive Bias) LD (60 kihim2) | LETID {post-A36h)

- [~ [~ |
Manufacturer B |ppp-5p-885 2222 2 China 182 Pass Pass Pass -215% 348%
Manufacturer B |ppB-8E-EBE 2222 3 China 182 Test not required Pass Pass i 3 57%
Manufacturer C |ccc-cccco 3333 1 China 166 Pending Pass Pass Pending -0.09% -0.20% NOD 3.53%
Manufacturer C |cocc-cc-cco 3333 1 China 182 Pending Pass Pass Pending Pending I Pending Pending -3.35%
Manufacturer D |ppD-DD-DDD 4444 1 China 158.75 Pending Pass Pass Pending Pending -2.97% Pending -1.04% -0.27% 0.50%
Manufacturer D |DDD-DD-DDD 4444 2 China 168 Pass Pass Pass “111% -0.28% i -0.58% i NOD 0.57%
Manufacturer D |DDD-DD-DDD 4444 3 China 15875 Pass Pass Pass NOD NOD 0.50% 0.08% 1.02% 134%
Manufacturer D |DDD-DD-DDD 4444 1 China 182 Pending Pass Pass Pending 1.19% i 1.95% 1.29% -0.24% 1.23%
Manufacturer E |EEE EE EEE 5555 1 China 15875 Pass Pass Pass 216% 0.28% i 0.12% i 0.85% 1.01%

F |FErrrrrr 6666 1 Turkey 15875 Pass Pass Pass _3.76% 0.75% 1.47% 4.03% 0.11% 1.65%

E |FFF-FF-FFE 6666 1 Turkey 182 Pending Pass Pass Pending i -0.99% 1.02%

F |FErrrrer 6666 2 Turkey 182 Pending Pass Pass i 1.43% 2.97% 0.85% NOD 113%
Manufacturer G |GGG-GG-GGG 7777 1 China 158.75 Pass Pass Pass 1.84% Pending 0.32% 0.94%
Manufacturer G |GGG-GG-GGG 7777 2 China 15875 Pass Pass Pass 1.17% i 1.60%
Manufacturer G |coG-GG-GGG 7777 1 China 158.75 Fail Pass Fail PID-192 -1.72% -2.07% -3.86% NOD 2.09%

& PQP results from over 45 module manufacturers are included in the Dashboard, with nearly 30

manufacturers sharing their non-anonymized results. Nearly 200 BOMs are included, with over 60% of

BOMs non-anonymized.
fl Get direct access to detailed PQP test reports for all manufacturers who have agreed to share.

©OPVEL LLC (“Kiwa PVEL”), 2024.
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Kiwa PVEL's Premium Partner Program — Other Benefits

& Subscribers receive a comprehensive quarterly presentation including key insights from Kiwa PVEL’s testing.
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Hail Damage

» From PVEL's 50 mm, 32 m/s hail
testing over the last year, glass//glass
mods that survive the test almost never
have cell cracks.

» Of the ~10 glass//glass mods that
survived PVEL's hail testing only ~1
had any cell cracks.

» Modules that survive the hail stress
sequence with intact glass have a
power loss of 1-3%

> Some modules with cell cracks (see
image, right) that appear after the hail
test experience minimal power
degradation

[T
JARNUNNNRRRNERNLE

# Kiwa PVEL holds quarterly 1:1 calls with each Premium Partner Program subscriber to discuss in-depth
insights and provide feedback on procurement decisions.

©PVEL LLC (“Kiwa PVEL”), 2024.
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Kiwa PVEL’s Premium Partner Program — Participants
JinkKO AIKO¥ WAAREE

& A sample of manufacturers agreeing to share results in the Dashboard
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Conclusions

1. Indian solar manufacturing on the rise - Kiwa PVEL adding new
customers each year

2. Reliability results from Indian manufacturers broadly in line with its
global peers

3. Intake issues higher — More focus on QA / QC

©OPVEL LLC (“Kiwa PVEL”), 2024.
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PVEL

We Create Trust

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