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DNV GL has a global Solar presence
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Global Market Context
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Global Market Context

> 35% Growth in 2018 expected in Europe
Increasing demand from Spain and the Netherlands, supporting the development

of large-scale Projects
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Project Risks at different Development Stages
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Procurement Best Practices Designed to Reduce Project Risks

Rale

Failure

Statistical Batch Testing Product Qualification Program
= Serial Defect Screening = Extended reliability testing

= IEC-compliance tests = 2-4 times IEC durations

= Infant-mortality testing = wear-out mechanisms testing
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Procurement Best Practices Designed to Reduce Project Risks

Before Production i During Production —>

«__Check BOM !

qualification /===

Product Qualification Program (PQP)

BOM and manufacturing facility
qualification /
Including:

- Extended reliability testing reports

- Performance evaluation (PAN files, etc.)
- Factory witness

Statistical Batch Testing /

) Including:
1. Before production:

Product Qualification Program - Test on actual modules from

the project
- Factory production oversight

2. During production:
Statistical Batch Testing
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DNV GL PQP is building trust

Sign up for Access to reports
PQP testing and reliability database

PV Component
Manufacturers

Downstream Players
Network

>40 module manufacturers DNV-GL >175 in the network

Most “Tier 1” > 30GW/y of buying power

Sign waiver to Signh Engagement

share reports Letter including NDA

Reach out in confidence

= Several hundred reports available to DNV GL Downstream Partners
= World’s largest reliability database of commercial PV products
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DNV GL PV module PQP approach

= Tough testing scope (x2 - x4 IEC) Characterization and light-soaking
= Designed by and for the community ,

(including 175+ DNV GL Downstream

Partners) o (E
= Most Tier 1 manufacturers: “ 3 = 4 E
- 70-75% of the Tier 1 list 3 5 > 2
- 9 out of the 10 largest 3 o 0 8 3
manufacturers =N N 2 -~ Il ©
= N T D >
< = i o =
= Adapted to testing of most common 2 = o o
failure modes: = o
v Bifacial =
v PERC
v High-Density Modules (shingle)
v Glass-glass Characterization and reporting
v Thin-film
Vo
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Who are the PQP participants?

= DNV GL PV Module
Reliability Scorecard

— Every year, thousands of downloads

— Top Performers allowed to use a
DNV GL mark on their datasheets

DNV:-GL
e ?ERFOR
PV Module Reliability 2014
Scorecard Report
2017
n . D NV-G L
S "ERFO’?M
2016
RELIABIL
D NV-G L
O "ERFO’W
PV I
RELIABILIT 2017
D NV-GL
PV MODULE
RELIABILITY SCORECARD

= Bloomberg (BNEF) Tier 1 list

— The manufacturer list the most
widely used around the world for
procurement decisions

Bl-oomberg BNEF PV moduis makes Ser 1 &st, 20 2017
MNew Energy Finance Way 19, 2017
4. Can | share this list on the internet?
HNo. 1 you are 3 BNEF Solar Inskg chent. you can share with selechad business
partneis wivy willl nal release i further. Pirale coples on the mlsnel may b2 dotiored

and ane publshed withoul BNEF's permission and againet our herms and cendiions

Table 10 Tier | module menatsciurers, 20 2017

Highlight of PQP
participants in
the Tier 1 list
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2017 DNV GL PV Module Reliability Scorecard

All results are from the DNV GL PQP DNV-GL
250+ data points

PV Module Reliability

= 50+ different BOMs Scorecard Report
= 10 different countries 2017
Report contributors

Jenya Meydbray, VP Strategy & Business Development
Frederic Dross, Head of Module Business

= Scorecard 2018 coming up Q2 2018
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Key Finding 2 - Bill of Materials matters

——
==
=
el —
— _—
- -
=] = -
oy -
(=t - -
—_ w m
e T e
= Y
- = - =
Loz BN L) Y
- = a—
(1] LY —
— = —
— LY ——
i3 = —
S - e —— —
— = - - =
— 5 ] - ~— i
o = ——— —
[ ] “ - | e
- - B o
LY —
— - ]
—_— .
P -
i .
— 7
= - —
= == = ==
— P ) o
a T
— e 8
i T
LiF] .
= -
= e
— T
[ A %
— i _
= - TR
H : =
o Y
fii -
[l ] -
= =
- ) A
A -
[ - -
— (= Y
o - -
w0 = =
Y
— =
i -
= -
~ =
T =
e - Y
= oy —%
d =W ~—
— b v -
[13] S
0 —
- -
T -
— T
i -
iv — S
— = —
e =4 >
a5 i
WA
i
=~ . d b
=~ Source: DNV GL database
[=]
_
Fo . .

i~ P — A AN FdaTa onn
L = S AN IS
REo oo F . & o F _
IMIIrmirnar Ny frurinac
PELAI A IR Al L F LA

Different BOMs may result in different reliability testing
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Key Finding 3 - Location is not a good proxy for quality
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Some good and bad results in all regions of the world
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Key Finding 4 — Manufacturing volume is not a proxy for quality
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Big and small manufacturers show good and bad results
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Key Finding 5 — Attention to quality matters
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Reduce risks by choosing suppliers with 34 party accelerated testing
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Overall test statistics

33rd percentile 66th percentile

TC 600 cycles -3.0% -5.9%
DML seq. -0.9% -3.4%
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Conclusions

= The good news is that most modules perform very well under test, though even
some "“Tier 1” certified modules fail the baseline IEC 61215 tests in our lab

WHY? Because we randomly select module samples for testing

= The bad news is you can’t pick winners based solely on “Tier 1” status, factory
location or manufacturing capacity

WHY? Differentiator is the quality control criteria applied

= Insist on 3 party accelerated test reports

WHY? Today is not enough selecting certain product code

= Ensure the BoM proposed for your project is among the BoMs that performed well
during the accelerated testing

WHY? In that sense you have added confidence on the module and
BOM purchased
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Conclusions

= Even with the rigor of a well defined product qualification approach, consider
sample testing (e.g. statistical batch testing)

WHY? A small sample (e.g. < 0.1%) can be used to increase
confidence that the entire batch meets design and quality
requirements
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Practical Implementation:

The DNV GL "Quality Option”
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Best Practices Designed to Reduce Project Risks

EL inspection

EL inspection

Field EL campaign:

- Representative (AQL) sample

- Post-shipment (compare to
factory criteria)

- Post-installation (Compare pre-
and post- installation)

| EL inspection

22 DNVGL® 03 May 2018 DNV-GL



PV Module Risks During Construction
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PV Module Risks During Operation

ffTFRI
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daniel.Barandalla@dnvgl.com

Senior Engineer, Solar PV
Barcelona

www.dnvgl.com
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