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The Premise

‘_ The economics of PV is based on modules
! performing reliably for 25+ years.

Weather durability performance data is needed:
e for product development decisions

| e to avoid catastrophic failure
. e to determine and support warranty

~ * to provide assurance to financial stakeholders
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Typical Claims

he warranty pericd for material and processing errors is 60 months
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High Power Photovoltaic Modules

- SC 170-72M
TO! utélgensca en SC 175-72M
= Hochleistungs-Solarmodul aus
monokristallinen Silizium-Solarzellen mit SC180-72M

einem Modulwirkungsgrad bis 14,5%

SC185-72M

= Anschlussbox mit Bypass-Dioden zur
Minimierung des Leistungsabfalls bei
Abschattung

* Langzeit-Witterungsschutz durch
Verwendung von Sicherheitsglas,
EVA-Kunststoff, Witterungsschutzfolie und
einem eloxierten Aluminiumrahmen
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= TUV-Zertifiziert, Schutzklasse Il,
CE-Kennzeichnung

= 25 Jahre Leistungsgarantie
Sunmodule®

* 5 Jahre Produktgarantie

SW 200/205/210/215/220/225 poly
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= 25 Jahre Leistungsgarantie

SunClass Hochleistun

5 Jahre Produktgarantie
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The Problem

“Outdoor testing is a must, but it takes much
too long to be of much use as a decision
maker. We clearly can not wait 25 years or
even-asignificant fraction of 25 years to

mtroduce _a new product. Therefore we must
develop an _'_5ut|I|ze accelerated tests to
quality these new products.”’

Source:

LONG TERM RELIABILITY OF PHOTOVOLTAIC MODULES

John H. Wohlgemuth, Daniel W. Cunningham, Paul Monus, Jay Miller and Andy Nguyen
BF Solar International Inc., Frederick, MD 21703
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~ Characteristic Failure Modes
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V. Quaschning, TU Berlin, Alterungserscheinungen bei Photovoltaikmodulen, Langzeiterfahrung einer PV-
Testanlage an der TU-Berlin, 14th Symposium on PV Solar Energy, Bad Staffelstein, 10 - 13 March 1999
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Characteristic Faillure Modes
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Ein Teil der Module einer Freiflachenanlage sind ganzflachig leicht
vergilbt. Die Ursache llegt vermutlich in chemischen Reaktionen
Infolge einer nicht ordnungsgemilen Laminlerung.

Photon International, September 2009
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Source:

SUNPOWER
N

marter Solar

Modules: Remaining Reliability
Challenges
Akira Terao, Principal Reliability Engineer

http://www1.eere.energy.gov/solar/pdfs/terao_aa w
orkshop 2008.pdf

“Remaining Challenges”

25 year warranty

lll-defined field conditions

Harsh and varied outdoor conditions
Materials used near their limits

Limited acceleration factor =» long tests
Large samples, small sample size
Subtle polymer chemistry

Cumulative effects, positive feedback loops
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What is Known?

PROCEESS IN FROTOVIITAXS RE
Prog Plosvals e Ao 2008, 87
Pubaded calme TOooher X

REH AND APFLI ATIONE
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History of Accelerated and Qualification
Testing of Terrestrial Photovoltaic
Modules: A Literature Review

€ R tsawsal™ asd T L MoMates
Narivar’ Danwwais Daopy fahewey Tedden T3 1004

We review publched Serature from 1975 © the present for accelerawed stress testing of flat plase tervestrial
phatovoliak (PY modules. Animportant facet of thix suljectis $he standard swdule Soxt sequamees st haw
been adpted by aationa! aad i ! aandards srpaniadion, epecially thase of the Internadonal
Efconachaim! Commisdon (JEC;. The inkeal and hisory of thewe qualifcation exts, provided in this
seview, shows that wanderd module gua§lication tex revads canmet be aved © plain o infor @ praduct
Efaime. Closely relaed vabjecy abio discussed indade: ather limdasions of qualfeation exing, defindy

of modele et me moduleproduct corsfeation and accelevated §f esting. Copyright © 2008 Joha Wiky &
Sanx, fad

XY woRDs. phatownlac s, modisle; edessal, deatiag, awcekwarad, queltcason, Wetiae

Recaivad 3 Moy 2008 Revivad 26 Augasy J88

INTRODUCTION

apeapmroval wak These saymences aw reluiwely
show induwration, show 3o months, and inclode eax

Fom $he early days of phatowvalaies V) following
$ie inventon of Se slcon soly cell at Bell
Ladomtories’ and since silicon solar cdle were firwt
saldered opather inh saries sTings & produce power
fromm smﬁt’gh:: two key questons have heen: how long
will these smring msembies, now alled modules
seliver weful power? And o accelemted tenting can
grovide this information? Over the past X plus years,
muh reseaxh »d wing has been dome m BV
relahility by govemment bborsories, Sind panty
Lrhorgories, and PV mamafacmrers. This work has
resalaed W othe development of sundadized modle
waing sequences commanly called gualificason or

*Carsmpuaimos o O R Oder e, Nugaasd Rowedie B
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sach as sccelerated temperature and humidity sireses
meide chmatic envirommental chambers. Adopson of
the saguences 3t natkomal and inernationd standards
has Jod © their widesprad use 2 the fimal hurdle o
prochict development

In 2008, elecrical arcing and fires inside module
Fmcton bowes cauwsed fadlures in 2 number of PV
sysiemma these fuilanes were rpored in the tade
magmine PHOTON hamanons.’ The mod n
question were prockiced by 2 reputble PV manufec
surer with over Xiyears of experience, and had paseed
all of the sundand gualificaion and safery wax
Laer reports indiceted dhat the problem was not
rericted © this manufacarer” An obvious gueston
i there how could these fallures have occumed after
all of ghis carefu]l desizm and tesdne? Sobeeguent

http://www.nrel.gov/pv/performance _reliability/pdfs/osterwald pip

review_2008.pdf

Reliability Concerns Associated with P\ Technologies

This document is 3 pon-comprebensive summary of known relisbility concems for PV
technologies. It has 3 pams:

1. List of reliabiliry concerns with comresponding references
2. Refereace lisr
3. Priorinzadon of failures

If vow hurve commments abost chusges sevded o thuy docament or about the saitee of thay sy

Please send grese 1o serah_kwer@rel gov. I ois ipe of syformarion is found 5 be wsefidd 1o the
commmendy, we wail spalare & permadiaslly

1.0 General Issues Across all Technologies

1.1 Corrosion leadiag to loss of grounding {1, 2]

12 Quick connector reliability

13 Improper insulsdon leading to loss of groundiag [3-5]
14 Delamination {§-9]

15 Glass fracmure {10]

1.6 Bypass diode fadlure {11]

1.7 Imverter reliability

1.8 Mfoisture ingrsss {12, 13]

2.0 Wafer Silicon

1 Cracked cells (bonding processes, strain, st} {14-17]

Solder joint or gridiine interface failure (increased senes resistance) {18}

Reduced sdhesion leading to corrosion and’ or delaminasgon {9, 18]

Slow degradadon of Ise {207

Fatgue of ribbon interconnect

Juncdon box failure (poor solder joiars, arcing, etc) {21

Busbar adbesion degradation, electrical contact, etc

§ Glass edge damage of frameless modules {though instaliation, handiing.
&)

¢  Light-induced cell degradadon

0 Effect of glass on encapsuiant performance {22-25

1 Froat surface seiling [26]

2 Mechanical falure of glass-glass lamunates {26]
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3.0 Thin Film Silicon

3.1 Elecwochemical corrosion of SaQ:F [27-29]
3.2 Inital light degradasion {s-5i) {30-34]
3.3 Annpealing instabiliies {a-5i) {35, 36]

http://www.nrel.gov/pv/performance_reliability/pdfs/failure

references.pdf
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'|EC Design Qualification Tests
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e.g. I[EC 61215, IEC 61646

Preconditioning (5 KWh/m®)

Visual Inspection, Performance, Insulation, Wet leakage

Electrical uv Damp Heat Test Thermal cycling
Parameters preconditioning (200 cycles)

Outdoor Thermal cycling
Test (50 cycles)

Bypass Humidity freeze
Diode Test Test

Terminations
Test

Visual Inspection, Performance, Insulation, Wet leakage
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|IEC Tests vs.

~ Long Term Durability Tests

Relative Failure Rate ———=>

Hypothetical Bathtub Curve
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Environmental factors influencing PV performance
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Heat/Cold Man-made and natural Oxygen, 03 |
Temperature changes, air pollutants, e.g. NOy, SOy,
shock soot, dust, NH;
Mechanical factors, Water: air humidity, Salt water, Biological factors,

e.g. abrasion by rain, condensation,

B mist, e.g. mildew, algae,
sand, dust, hail Ny, . snow, ice

acidrain B B8  birds droppings

Ageing (m‘icroscopic)

Property change (macroscopic): function, appearance

(Premature) failure

Source: Atlas Material Testing Technology LLC
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The Reality of Reliability Testing

“To be accurate, an accelerated model of
reliability needs to include interactions of stresses
and their combined effects on lifetime. The
stresses must include not only temperature,
humidity and light, but cover the full range of

thermal cycling, exposure to chemical
contam'iﬁr"r;'a-nts and any external or internal

load. Stress&‘%hould be applied in a cycling
manner and all specimens should be exposed to
all of the appropriatey

Bill Murray has held Reliability Engineering positions at 3M where he co-founded the Weathering
Resource Center, and developed ANSI and ISO accelerated test methodology for electronic data
storage. He has chaired ASTM subcommittees on Service Life Predictions.
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" The Solution  Atias 25" pv Module Durability
| Performance, Durability and Reliability
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A comprehensive accelerated weathering
protocol designed to subject PV modules to
the key environmental stresses likely to be

encountered in long term service
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The Atlas 25FLUS
Testing Process

Module A

One PV module is run through the Atlas 25PLUS
testing sequence over the course of 12 months.

UV Conditioning

Salt Spray
Corrosion

Condensing
Humidity

Modules B & C

Two modules provide baseline data using outdoor
solar tracking in subtropical South Florida and the
arid Arizona Sonoran desert for one year.

Initial, final and multiple
interval measurements
Visual inspections, IV curves,

infrared thermographs and digital
photography included.

ATLAS
Comprehensive
PV Durability Testing

Results and data

Completion of the Atlas 2578
program provides test data that
would be otherwise unattainable
with current test methods.

A report details all data, images
and analyses at the end of the
one year test sequence.

Arizona
Solar Tracking
including peak
summer

Solar/Thermal/
Humidity/Freeze
Cycle

Solar/Thermal/
Humidity Cycle

© learn more about the Atlas 25™° Program,

contact your local Atlas Sales Representative
I visit us online at www.solardurability.com
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JAtlas 25 PLUS Durability Test Program
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Atlas 25°“s "global composite” environmental test cycle
(other climates available)

ﬁ“ e es - 1 module FL m 1 module AZ
4414+ '

1-year solar tracking South Florida & Arizona
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Atlas 25 PLUS Durability Test Program
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Atlas 25°“s "global composite” environmental test cycle
(other climates available)

HE 1 module

R T
L
UVc

o= onditioning 30 days 30 kWh/m? UV
E 400 hours }22 days
125 hours
Vs
N Solar — Thermal — Humidity Cycle ¢, W4 dayS /120 cycIeS Repeats

*» solar - Thermal — Humidity/Freeze Cycle 3 days / 40 cycles 80 days

e P A
rizona soilar tracking inciuding peaxk summer tl‘aCklng in May _ .JUIy

Total test program duration: 12 months Balance of year tracking rack




Durabllity Tested

ATLAS z 5
Comprehensive

PV Durability Testing

The value of Atlas 25F/us

The purpose of the Atlas 257 program is to extend the understanding of
the effects of environmental exposure beyond the IEC Design Qualification
tests which only account for "infant mortality”, and into the realm of Service
Life Prediction (SLP). Completion of the Atlas 25°/Us program provides test
data otherwise unavailable for manufacturers to validate their warranty and
performance claims that their modules will last.

The Atlas 25°s mark serves as a key product differentiator and provides
customers and financial stakeholders with proof of independent third-party
environmental durability testing by the recognized industry leader.
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. The Atlas 25 PLYS mark is one important decision
criterion for investors and wholesalers

« The Atlas 25 PLYS mark creates trust on the
consumer side

ATLAS 2 5
Comprehensive

PV Durability Testing




. Questions?

Thank You!
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