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Executive Beard: Abel, Brecher, De Doncker,
Hameysr, Jacobs, Montl, Echréder
Managing Director:  Schelenz, Bosse

Prof. Abel "‘I wens  Controls

Prof. Monti - == Gords
Prof. Schroder Aerodynamics
Prof. Stich g&!w.n.;.un. Logistics
Prof. Jacobs Shair for Wind Power Drives i

Industrial Partnerships with JEMs, Suppliers, Utilties and Service Providers

Bl 4 CWD s j
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CWD % £ WEA-GeR (Testing Cycles to Determine the Robustness of
Gearboxes of Wind Turbines > h * % & $#h 42 & B 2 )% Project
ISO.Wind (Integrated structure monitoring for onshore wind parks » & 3%
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BEEE M Fh BT RIFFLETE

11



TP o RFRACBGFEN B RIS MM A LT R R AR

MER AT XL LR R €3&° 4% T CWD B3 2 4MW Bl3#

T LR TR NEUAEL PR L2 ABALEE 0L -

CWD & ¢ A NFHIRELE 2 By & IOMW 12 2 ie ©
LTERIET ST H MW 1 2B 4 g AR TR E TR 2
B BEE A e o

g
CWD 2 ¢ & &7 R@E 35 S s Bigh 4 F5 3 ko

E s R B PR T

Bl 6 CWDRL ¢ 3B (1)

12



e )

g (

2
F

B 7 CWD ik

13



404 T CWDHS2g 4 f - ¥

v ¥ = B AL
Georg Jacobs CWD Spokesman of the Board
Ralf Schelenz CWD Managing Director
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DTU ~ Greenlabs DK &2 F 4 2> & % o

Lindoe Offshore

Renewables center

Lindoe Component & Lindoe Lindoe Lindoe Rain
Structure Testing Welding Technology Nacelle Testing Erosion Testing
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« %o B 3K 7 (Inverter design)

« PLC/IPC
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Axel Mange Jepsen R&D A/S Chief Executive Officer
Peter Kattai Ulrikkeholm R&D A/S Business Unit Director-Test Systems
Claus Odsbjerg Beck R&D A/S Projector Manager
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Center for
Wind Power
Drivas

Peter Kattai Ulrikkeholm

Business Unit Director — Test Systems

Prof. Or-Ing.
Georg Jacobs
Spokesman of the Board

cwo
Campus-Boulevard &1
52074 Aachen - GERMANY

{49241 8D-95635
& +4924] 80-92256
0 +49 160 4770715

geory jacobs@owd iwih-aachen e

v owd rwth-aachen de

Center for
Wind Power
Drives

Prof. Dr-Ing
Ralf Schelenz
Managing Director

Campus-Boutevad 61
52074 Aachen | GERMANY

L +49 241 80-96797
& +49 241 BD-928B5

ralt. schetenz@@cwd.rwth-aachen. de

vow.cvid. rwih-aachen. de

Torben Lorentzen
Chief Executive Officer

u_ORC

+45 25 505 383

B. Sc. Mechanical Engineering ti@lore.dk

E-mail: peu@rdas.dk R&D

Maohile: +45 2611 8084 Delta 4

Phone: +45 6325 2070 DK-8382

Web:  www.rdas.dk Hinnerup LORC Kystvejen 100 4570230 430
Linde Offshore 5330 Munkebo lorc@lore.dk

Solutions & Consulting Renewables Center Denmark www|ore.dk

Claus Odsbjerg Beck

Axel Mange Jepsen Project Engineer

CEO ) M. Sc. Mechanical Engineering
B.Sc. Mechanical, CBA

E-mail: cob@rdas.dk R&D
E-mail: axj@rdas.dk R&D Mabile: +45 2063 5021 Delta 4
Mobile: 452011 7320 Delbad Phone: +45 6325 2016 DK-8382
Phone: +45 8110 3200 D?(—SABE Web:  www.rdas.dk Hinnerup
Web: www.rdas.dk Hinnerup

Solutions & Consulting

Solutions & Consulting
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TV SUD Industrie Service GmbH
Westendstrafie 199

80686 Munich

Germany

Phone +49 89 5791-1860

Fax  +49 89 5791-2404

Mobile +49 160 3601924
ferdinand.neuwieser@tuev-sued.de

www.tuv-sud.com

Managing Director

Ferdinand Neuwieser

P. Eng. Steven Xuereb

Head of Business Unit:
PV Systems

f, +4930 81452 64-403
[J +49171 45008 88

BERLIN
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PI Photovoltaik-Institut Berlin AG

I +4930 81452 64-101

Wrangelstrake 100
EA xuereb@pi-berlin.com 10997 Berlin
@ www.pi-berlin.com Germany

TUV SUD Asia Ltd. Taiwan Branch
bt ie @ bR E3TSRTIE
BHERESE: 11270

E4: +086-2-2898-6818 Ext.320
{5H: +B86-2-2895-1598

Fig: +886-975-170-370

THRS 45 +886-2-2898-2212

E-mall: lawrence.lee@tuv-sud.tw
www.tuv-sud.tw
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Photovoltaik-Institut Berlin AG — Module technology
Testing | Consulting | Development | Research

Romain Pénidon, M.Sc.

Project Engineer

Phone: +49 (0) 30 81 45 264 -206 | Fax:+49(0) 30 81 45 264 -101
Mail: penidon@pi-berlin.com | www.pi-berlin.com
Wrangelstr. 100 | 10997 Berlin
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Phil Berling D
. = . pl. - Ing. (FH) Sven Sagner
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Pl Photovoltaik Institut Berlin

Company Presentation
Taiwanese Delegation, Berlin, 27.11.2017

Pl Photovoltaik-Institut Berlin AG

BERLIN

Pl Agenda

" Introductions

= P| Berlin

=" CB Scheme

= Latest PV Standards

= Lab Tour

= Cooperation Opportunities

Pl Photovoltaik-Institut Berlin AG
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Pl Overview

= Who we are

= Qur presence

= Qur services

= Qur products

= Case studies

= Qur value-add

Pl Photovoltaik-Institut Berlin AG

BERLIN

Pl Customer-oriented Independent PV Experts

From solar cells to the power plant, Pl Berlin
supports your solar project as a customer-oriented Systems

independent expert. ! S
Engineering

With our internationally focused team of experts, Pl
Berlin provides a wide spectrum of inspection,
planning and consultation services. The core of our
work is the implementation and quality assurance

for complex PV projects. Our expert advice guides Your
customers through all processes, from the ( Project
production of modules to the approval of the °>6
completed power plant. Oﬁ Q
R >
2, oS
)

Pl Photovoltaik-Institut Berlin AG
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BERLIN

Our Customers

e,
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A Sermem Buvnes

QCELLS

Engineered in Germany

Scatec Solar
Improvng cur Ature™

Management Team

Founders of Pl Berlin and Board

Dr. Paul Grunow
PhD Physicist

Co-founder of Q Cells and
Solon; Head of Lab Services

Prof. Dr. Stefan Krauter
PhD Electrical Engineer

Co-founder of Solon

Sven Lehmann
Dipl.-Ing. Electrical Engineer

Founder of Solar Experts

Pl Photovoltaik-Institut Berlin AG
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Operational Management

Steven Xuereb
P. Eng. Mechanical Engineer

Head of PV Systems

Dr. Lars Podlowski
PhD Physics

Member of Board
Head of PV Module Technolog
and R&D Services
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BERLIN

Pl International Presence and Activities

Pl China

Activities of Pl Berlin Worldwide

Pl Photovoltaik-Institut Berlin AG

BERLIN

Pl Pl China

= Location: Suzhou, Jiangsu Province, China

= Ownership: 47% Pl Berlin, 33% Sunsky, 20% Dr.
Yang (China)

= Licence for Pl Berlin technology, brand and
business model

= |nauguration: Sept 2012

= Accreditation: Aug 2013 by CNAS

= Employees: 29

= Services in China: Lab testing, factory inspections,

field services inside Golden Sun Project in China
(authorized by CGC)

Pl Photovoltaik-Institut Berlin AG
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Pl Mitsui Chemicals

= Location: Tokyo headquarters & Sodegaura R&D
centre

= Ownership: 100% Mitsui Chemicals Japan

= Licence of Pl Berlin technology, brand and business
model

= Business start: 2014

= Services in Japan: lab testing, factory inspections,
field services

Pl Photovoltaik-Institut Berlin AG

BERLIN

Pl Our Services for PV Plants

Development phase Construction phase
Assessment of Supervision of
= Feasibility . Module quality
Energy yield . Installation
= Suppliers + EPCs . Provisional
acceptance

= Contracts

Operation phase

Inspection for

= Failure analysis
« End of warranty
= Claims

= Re-finance / Acquisitions

We accompany you through all of the phases of your plant!

Pl Photovoltaik-Institut Berlin AG
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BERLIN

Pl Our Services for Module Quality

Evaluation phase

Production phase

Testing phase

Assessment of Supervision of 3rd Party Testing of
= Production lines . Module Production = PV Modules
= Suppliers . Manufacturer‘s QC = Materials
= PV Modules . Packaging = Components
Qualification of PV Modules
Accredited Test Laboratory according
(( DAKKS
= |EC 17025 for all relevant PV IEC standards and own developed test methods e rungsstelle

Pl Photovoltaik-Institut Berlin AG

BERLIN

10 Modules / MW

10 Modules
STC power +

EL analysis

2 Modules

Preconditioning
{5 KWh/m3)

2 Modules
Peel Test

2 Modules
EVA Gel Content

2 Modules

STC power + EL analysis

2 Modules
Weak light

at 100, 200, ¢0o and yoolW/m?

2 Modules
PID analysis

2 Modules

STC power +EL analysis

Final Report

Pl Photovoltaik-Institut Berlin AG

6 Modules

Our Products

(( DAKKsS

Deutsche
Akkreditierungsstelle
D-PL-18919-01-00

PID Certificate

for encapsulation materials - No. 201400160

ngssted
D-PL-18919-01-00

11
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Pi Capacity Building

= P| Berlin offers customized courses such as:

= Design, Construction, Commissioning and
Quality Control of Grid Connected PV Plants

= Investment Risks Associated with PV Plants
= PV Module Quality Testing and Standards
= The courses are targeted to:

= Project developers, EPCs, government officials,
installers, lenders, investors and trainers

= References to date include:

powerEDGE’
= University of Antafogasta, Chile i -
Masterclass in Design, Co tion, C
=« NISE in |ndia - Quality Control of Grid Connected PV Plants
: | 24 - 28 October 2016
- Centre for Energy, BPPT, Indonesia ' Holidey fna Golden Mlle; Hong Korg

= Mitsui Chemicals, Japan
= IRESEN, Ministry of Energy, Morocco
= PowerEdge, Singapore and Hong Kong
PI Photovoltaik-Institut Berlin AG 13

Pl Our Added Value

PI Berlin delivers the following key benefits that make us an ideal Technical Advisor :

= One-stop shop for all technical advisor services — due diligence, lab testing (including in China and in Japan),
factory inspections, on site inspections

= Unrivalled expertise along the complete PV module supply chain — cells, EVA, manufacturing methods and
assembled modules

* In-house research and development ensures most current issues are considered and evaluated — e.g. PID,
micro-cracks, soiling, thin film

= Accredited laboratory (1 of 3 in Germany) ensures that results from module testing will be accepted by all
parties involved in the project

= Fast and flexible team that can react quickly from our central European, Chinese and Japanese locations

Pl Photovoltaik-Institut Berlin AG 14



BERLIN

Your independent solar advisers!

Contact us:

Pl Berlin

Steven Xuereb
xuereb@pi-berlin.com
www.pi-berlin.com

15
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Pl

BERLIN

Pl

SOLAR PV TESTING
Testing and Qualifying of PV Modules

|
[ |
[ |
[ |
[ |
[ |
|
[ |
|
[ |
[ |
Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 1
Basic Information about Standardization, Certification and 25
Accreditation it
Agenda §D5
Overview of International Standardization work O
Overview of the National Quality Infrastructure in Germany %
[}

u b W N B

Berlin, 27th November 2017

Overview of International Certification Systems
Market Requirements on PV Modules
The Role of an Accredited Testing Laboratory

Pl Photovoltaik-Institut Berlin AG 2
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Pl

Basic Information about Standardization, Certification and
Accreditation

Overview of International Standardization work
Overview of the National Quality Infrastructure in Germany
Overview of International Certification Systems

Market Requirements on PV Modules

U D WN R

The Role of an Accredited Testing Laboratory

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

BERLIN

P I 1 Overview of International Standardization work

International Electrotechnical Commission

e
®

The International Electrotechnical Commission (IEC) is the
world’s leading organization that prepares and publishes
International Standards for all electrical, electronic and related
technologies.

Berlin, 27th November 2017 PI Photovoltaik-Institut Berlin AG

Basic Information about Standardization,

Certification and Accreditation

mmmim] |

Basic Information about Standardization,

Certification and Accreditation

OOooOm



BERLIN

P I 1 Overview of International Standardization work

IEC

Basic Information about Standardization,

Standardization Conformity g
Management Board Assessment Board ;
(SMB) (CAB) g
| | Technical Committees — CAB Working Groups “g
(like TC82) .“
- IECEE <+— Photovoltaics 0
L] Technical Advisory O
Committees O
— IECExX O
= Strategic Groups
T IECQ
IEC RE <— Marine & Wind Energies
Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 5
BERLIN
P I 1 Overview of International Standardization work
Roles & Responsibilities 25
= Standards Management Board (SMB) 8 §
= Technical Committees => Write the standards é 2
= Manage nomination of experts and voting by National Committees g é
= Conformity Assessment Board (CAB) g.g
= Assessment Schemes => Evaluate implementation of standards in specific situations O
= Manage accreditation of Certifying Bodies E
O

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 6
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P I 1 Overview of International Standardization work

Standards Development Process: IEC publications

Basic Information about Standardization,

Certification and Accreditation

| Specification é
O
O
ernational Sta
Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 7
BERLIN
P I 1 Overview of International Standardization work
Stages in Standard Development ~

Stage Document ; :
1. Preliminary stage Preliminary work item (PWI) g 5
2. Proposal stage New proposal (NP) g
3. Preparatory stage Working draft (WD) t g
4. Committee stage Committee draft (CD) mEU
5. Enquiry stage Committee draft for vote (CDV) E
6. Approval stage Final document for international standard (FDIS) O

7. Publication stage International standard (IS)

Berlin, 27th November 2017

Pl Photovoltaik-Institut Berlin AG 8
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Basic Information about Standardization, Certification and

u o~ W N R

Accreditation

Overview of International Standardization work

Overview of the National Quality Infrastructure in Germany

Overview of International Certification Systems

Market Requirements on PV Modules

The Role of an Accredited Testing Laboratory

Berlin, 27th November 2017

BERLIN

Source: PTB

Consumption

Storage,
Transmission,
Distribution

Operations,
Maintenance,
Monitoring

Installation

Planning

Component
Manufacturing

Berlin, 27th November 2017

Pl Photovoltaik-Institut Berlin AG

ISO/IEC 17021, 17065

Accreditation

IAF, IL

reference materials

APLAC, PAC
(( DAKKs
1ISO 9001, 14001, 50001 e . 3';::';;23-."50"'
relevant IEC standards Certification
ISO
. . ISO, IEC ST
Standardization
PASC
DIN / IEC
]
tests, analysis, research - Proficiency tests
Testing
ISO/IEC hy/
\-—-l/ N
. . 17025, 17043
inspections | "
nspection Wro ome
P TSONEG
2 17020 ISO/IEC
= 17025
[0}
g o
g BIPM
calibration of instruments BIPM, OIML
— Metrology AR
verification of meters APMP, APLMF O I 1 t

EEPIB

Pl Photovoltaik-Institut Berlin AG

Basic Information about Standardization,

Certification and Accreditation
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Basic Information about Standardization,

Certification and Accreditation
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Basic Information about Standardization, Certification and

s W N R

Berlin, 27th November 2017

BERLIN

Accreditation

Overview of International Standardization work
Overview of the National Quality Infrastructure in Germany

Overview of International Certification Systems
Market Requirements on PV Modules
The Role of an Accredited Testing Laboratory

Pl Photovoltaik-Institut Berlin AG

3 Overview of International Certification Systems

There are two Certification Systems

= In-house certification systems

Own internal rules and requirements of certification bodies (CB)

= |ECEE CB-Scheme

Berlin, 27th November 2017

IECEE - IEC System for Conformity Testing and Certification of Electrical and
Electronic Components, Equipment and Products

CB-Scheme — Certification Bodies Scheme

International System for mutual acceptance of testing reports and certificates

Pl Photovoltaik-Institut Berlin AG

11
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Basic Information about Standardization,

Certification and Accreditation

mml | ||

Basic Information about Standardization,

Certification and Accreditation
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BERLIN

P I 3 Overview of International Certification Systems

IECEE CB-Scheme

BERLIN
Lab testing on samples of one Accredited Lab acc. ISO 17025 and
product family (BOM) CBTL in CB-Scheme e.g. Pl Berlin P I

NCB and CBTL are
linked to each
other

— ) NCB-National Certification Body in
ertificate CB- Scheme
—-
| EC | TECEE
el |

Basic Information about Standardization,

Certification and Accreditation

mm | ||

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 13
BERLIN
P I 3 Overview of International Certification Systems

in-house certification systems

BERLIN

Lab testing on samples of one Accredited test lab acc. ISO 17025
product Family (BOM) e.g. P Berlin

Fab inspection mostly under
(QMS, Processes) contract

Basic Information about Standardization,

Certification and Accreditation

Certification body

IR TUV Std / TUV Rheinland / UL / VDE ...

mml | ||

yearly Fab inspection
retention of certificate

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 14



BERLIN

in-house certification systems

Advantage:
= flex. interpretation of gaps in standards
= conduction of factory inspection

= periodical factory inspection

Disadvantage:
= different interpretation of gaps in standards
= own reports, often hard to read

= no harmonized procedure between NCB's

Overview of International Certification Systems

IECEE CB-Scheme

Advantage :
= gaps can be quick closed (CTL-Decision Sheet)
= one report template

= harmonized procedure between NCB's

Disadvantage :
= no flex. interpretation of gaps in standards
= no factory inspection

= no detailed reports

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

BERLIN

3 Overview of International Certification Systems

IECEE Full Certification Scheme process
(IECEE CB FCS)

= Advantages almost combined

= Gaps can be quick closed (CTL-Decision Sheet)
= One report template

= Harmonized procedure between NCB'’s

= Conduction of factory inspection (initial and/or periodic)

Faatary
Inspection/
Production

Survoillanco

testing

Source: IEC

IECEE Full Carbitwcation Schems process.

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG
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Certification and Accreditation
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BERLIN

Basic Information about Standardization, Certification and
Accreditation

Basic Information about Standardization,

Certification and Accreditation

Overview of International Standardization work
Overview of the National Quality Infrastructure in Germany
Overview of International Certification Systems

ml || ]|

Market Requirements on PV Modules
The Role of an Accredited Testing Laboratory

U DN WN R

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 17

BERLIN
4 Market Requirements on PV Modules

Minimum Requirements

= Compliance with valid quality standards

= Compliance with valid safety standards

= Compliance with the guaranteed product specification

= Constant quality of products

Basic Information about Standardization,

Certification and Accreditation

= Compliance with the guaranteed energy yield

= Long time stability, Low maintenance

ml ] ] ]|

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 18
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Most Market Relevant Standards

Crystalline silicon terrestrial photovoltair
Design qualification and type appre:

&

4
!
Thin-film terrestri~' %
Design qualifi~ - A
( -
. safety qualification
v > tor construction
2 aents for testing
4
Flat Plate Photovoltaic Modules and Panels
Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

BERLIN

4 Market Requirements on PV Modules

19

Basic Information about Standardization,

Certification and Accreditation

m | |||

4 Market Requirements on PV Modules
New Most Market Relevant International Standards

Terrestrial photovoltaic (PV) modules - Design qualification and type approval
IEC 61215-1-Part 1 Test requirements
IEC 61215-2-Part 2 Test procedures

IEC 61215-1-1- Crystalline Modules

IEC 61215-1-2- Cadmium Telluride (CdTe) Modules
IEC 61215-1-3- Amorphous silicon Modules

IEC 61215-1-4- Cu(In,GA)(S,Se)2

Photovoltaic (PV) module safety qualification
Part 1: Requirements for construction
Part 2: Requirements for testing

Flat Plate Photovoltaic Modules and Panels

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

Basic Information about Standardization,

Certification and Accreditation
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BERLIN

Salt mist corrosion testing of photovoltaic modules

IEC 61853

IEC 61701 Edition 2.0

PV module performance testing and energy rating
Part 1 — Irradiance/temperature performance measurements + power rating
Part 2 - Spectral responsivity, incidence angle, module operating temperature

IEC 62716

PV modules - Ammonia corrosion testing

IECTS 62804

PV modules - Test methods for detection of potential-induced degradation

Part 1: Crystalline silicon

Berlin, 27th November 2017

BERLIN

4 Market Requirements on

& Modules
e 7 modules and 1 laminaie)

Pl Photovoltaik-Institut Berlin AG

Berlin, 27th November 2017

Pl Photovoltaik-Institut Berlin AG

4 Market Requirements on PV Modules
Other Market Relevant International Standards

PV Modules

Failed certification projects (2007-2015)

Failed and thin fi

W WD TG WA WIS Bl O B 1V

and thin

o e

21
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Basic Information about Standardization,

Certification and Accreditation
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BERLIN

4 Market Requirements on PV Modules

IEC 61215:2016 - Design qualification and type approval

Consideration of LID : Independent from the cell technology, every module is
tested for its sensitivity to an initial light induced degradation

EWdhsittbe oésnprhdedhoresh asitresss pedinizalbnaidialstetlen@hreemeasty édve
power of each test sample must heedeadatedstrongly from the nominal value

Replacement of NOCT (nominal operating cell temperature) by NMOT
(nominal operating module temperature) with a respectively changed test

procedure

Bypass diode thermal test, Measurements the temperature coefficients, etc.

IEC 61215 & IEC 61730
Combined Test Sequence

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

BERLIN
4 Market Requirements on PV Modules

Most the test procedures has been technically adjusted and new tests have
been added

IEC 61730:2016 - Part 1: Requirements for construction

Components used in or on a PV module, (J-box, cables, connectors, etc.) will
also have to comply with the relevant component standards

Introduction of new concepts: pollution degree, material group, clearance
distance, etc.

IEC 61730:2016 - Part 2: Requirements for testing

Updated test sequences, especially the introduction of sequence B and B1

MST 05 Durability of markings, MST 06 Sharp edge test, MST 33 Screw
connections test and MST 37 Materials creep test

MST 23 Fire Test (new reference), MST 24 Ignitability test

IEC 61215 & IEC 61730
MST 35 Peel test and MST 36 Lap shear strength test Combined Test Sequence

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

The Updates m -ﬁ—: Pl Phnln.\mltaii:-lnstitm Berlin
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BERLIN

Standards are helpful to check for minimum requirements.
But they do not reflect the state of the art.

Delamination Snail tracks

i

1]

M

L

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG

BERLIN

Market Requirements on PV Modules

PID

4 Market Requirements on PV Modules

= Samples are chosen by the manufacturer (Golden Module)
= Sampling rate too low (~0,00026% and less)
= |n standards and CB-Scheme no factory inspection is required

= |n standards and CB-Scheme no regular quality checks are required

Hypothesis (worst case):
= one module type with 275W will be certified. sampling (11 modules)
= certificate will be valid for 5 years (average world wide)

capacity of 275 MW/ysar (1,000,000 year)

That means 11 modules represent the quality of 5,000,000 modules!
(~0.00026% sampling)

= Missing expertise of some laboratories and certification bodies handling twilight zones

= Fast rising market
= No consideration of new materials and technologies by the standard

= Missing but relevant tests within type approval

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG
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BERLIN

Basic Information about Standardization, Certification and
Accreditation

Basic Information about Standardization,

Certification and Accreditation

Overview of International Standardization work
Overview of the National Quality Infrastructure in Germany
Overview of International Certification Systems

Market Requirements on PV Modules

oS wN R

The Role of an Accredited Testing Laboratory

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 27

BERLIN

5 The Role of an Accredited Testing Laboratory

From theory to practice

CLEE

Aligameine Andordsrungsn an dis Kompetene von Priif- und
alibrberlaboraterion (ISOIEC 170252008y
Dautscha und Englische Fassung EN ISOREC 17025:2005

(SO 1703800
Carman aret Engluh waesion EN SCVIEC 1R00%- 008

ema (BOMEG 1728 7008,
versicn allerursde of arlase EN [SOUEC 170252008

Basic Information about Standardization,

Certification and Accreditation

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 28



BERLIN

5 The Role of an Accredited Testing Laboratory

= Working QMS

= Technical expertise

= Quality audits have to be conducted
= Improvements / Corrective actions

= Round robin tests must be conducted

Basic Information about Standardization,

Certification and Accreditation

= Calibrations (DKD traceability)

= Periodic training for staff members

= Proven independency

= Protection of quality standards of measurement results

= Assessment by DAKKS in periodic intervals

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 29

BERLIN

5 The Role of an Accredited Testing Laboratory

= Challenges / problems / expectations of the market have to be identified, verified and solutions has to be
offered

= Development of new relevant tests (state of the art)

= Development of new relevant services (state of the art)

Basic Information about Standardization,

Certification and Accreditation

= Exchange of experiences and alighments with other testing labs
(Round robins / Research topics / Procedures)

= Being part of the standardization process (Standardization committee-DKE)

Berlin, 27th November 2017 Pl Photovoltaik-Institut Berlin AG 30



BERLIN

= Quality tests beyond the standard
Extended [EC Tests
New tests, new services
Higher sample rates

= Various requirements of investors
Banks have their own quality requirements

= Project specific test requirements
Desert and tropical environment

= Quality control becomes an important role for solar projects

Berlin, 27th November 2017

BERLIN

5 The Role of an Accredited Testing Laboratory

Conclusions — State of the Art

5 The Role of an Accredited Testing Laboratory

Pl Photovoltaik-Institut Berlin AG

Need of Additional Quality Control (QC)

= Due to the existing certification system it is impossible to avoid the need of additional quality
control for every single solar project to minimize the risk of investment!

= Requirements of QC module testing for solar projects:
Minimize the risk of investment as much as possible
Needs to be as fast as possible

Reasonable cost

a fixed test

Berlin, 27th November 2017

As a compromise between time, costs and risk
package is needed which covers the main quality problems

... even in PV power plant projects!

Pl Photovoltaik-Institut Berlin AG
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= Cycle duration to the final result: 1 week

Berlin, 27th November 2017

BERLIN

Quality Package 1

= 10 modules per MW of a specific project (~0.25% sampling)

10 Modules

STC power +
EL analysis

2 Modules

{5 KWh/m3)

2 Modules

2 Modules
Weak light

2 Modules
PID analysis

2 Modules

Pl Photovoltaik-Institut Berlin AG

10 Modules / MW

5 The Role of an Accredited Testing Laboratory

Preconditioning

STC power + EL analysis

at 100, 200, 400 and yooW fm?

STC power +EL analysis

Final Report

2 Modules
Peel Test

2 Modules
EVA Gel Content

5 The Role of an Accredited Testing Laboratory

Quality Package 2

= 10 modules per MW of a specific
project (~0.25% sampling)

= Cycle duration to the final result:

1 week

Berlin, 27th November 2017

10 Modules
STC power +

10 Modules / MW

2 Modules

EL analysis

2 Modules
Peel Test

2 Modules
EVA Gel Content

PID analysis

STC power +
EL analysis

Pl Photovoltaik-Institut Berlin AG

Final Report

Visual inspection

2 Modules

Hotspot analysis

5TC pawer +
EL analysis +
Visual inspection

Wet leakage

6 Modules

Basic Information about Standardization,

Certification and Accreditation
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Visual inspection

Mechanical load /
Transportation

STC power +
EL analysis +
Visual inspection

34
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Berlin, 27th November 2017

Thank you for your attention!

Pl Photovoltaik-Institut Berlin AG
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