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Quality first: A holistic overview of quality in and for Taiwan,
from cell and module, to array.
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Welcome Remarks

Mr. Jonathan Gifford, Editor at Large, pv magazine

Opening Remarks - City of Taipei initiates and support

Mr. San-Chung Wang / =%, Deputy Commissioner, Department of Economic
Development, Taipei City Government

Solar Installation at Urban / High Density Area

Mr. Leo Kuo / 25K #X, Senior Manager, Tatung Co.

Quality Issues in Subtropical Climate and Taiwan

Mr. Jonathan Gifford, Editor at Large, pv magazine

Dr. Jay Lin / #A&{ % Chief Consultant, PV Guider / Technical Committee of CNS National
Standards / the Leader of Task Forces in SEMI standard

Floating PV - Taiwan Potential and Quality

Mr. Cédric Jaeg, General Manager, Ciel & Terre Taiwan

Poor quality case 1

Mr. Jonathan Gifford, Editor at Large, pv magazine

Dr. Jay Lin / #A&{ 1% Chief Consultant, PV Guider / Technical Committee of CNS National
Standards / the Leader of Task Forces in SEMI standard

Quality in cables and connectors

Mr. Joseph Yang, Division Manager, Stdubli (H.K.) Ltd. Taiwan Branch

Discussion period
Mr. Jonathan Gifford, Editor at Large, pv magazine
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10:55-11:10 ACTIVE BREAK
Selection Rules for High Quality PV Module

11:10 - 11:15 Mr. Hung-Sen Wu / 2 J5#%, Deputy Division Director, Center for Measurement Standards,
Industrial Technology Research Institute

Manufacturing Technology, Production Equipment & Quality Assurance

11:15-11:25 Mr. Harris Li, General Manager, SCHMID Taiwan Ltd.
Poor Quality Case 2
A d 11:25 - 11:35 Mr. Jonathan Gifford, Editor at Large, pv magazine
g e n a ' ' Dr. Jay Lin / #X&{ % Chief Consultant, PV Guider / Technical Committee of CNS National

Standards / the Leader of Task Forces in SEMI standard

P a rt I I 11:35 - 11:45 Field Research Findings

Dr. Oakland Fu /17, Photovoltaic & Advanced Materials Technical Manager, DuPont

Quality in Manufacturing, Taiwan Module Manufacturer Viewpoint

11:45-11:50 Dr.CY Yu /5%\79?0757:’:, Assistant Vice President, R&D, TSEC
Manufacturing Quality Discussion
11:50 - 11:55 Mr. Jonathan Gifford, Editor at Large, pv magazine

Dr. Jay Lin / #2&{ % Chief Consultant, PV Guider / Technical Committee of CNS National
Standards / the Leader of Task Forces in SEMI standard

11:55-12:00 Conclusions
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Opening remarks
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Solar installation at

urban/high density area
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Quality issues in

subtropical climate &
Taiwan
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Quality Issues In
Subtropical Climate and Taiwan

PV Guider
Jay/ Chief Consultant

Keep Green Gold Shining!
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€ Salty environment
€ Typhoon

€ Plants grow fast

€ Flood and mudslide

Challenges in Taiwan

N irradiance/ UV

N temperature

N humidity
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Humidity + Salt
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Typhoon
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==\| Plants grow fast
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Flood & Mudslide

PV uider

Geological survey is important!

Note: The photo is to demonstrate the risk, but not actually happened in Taiwan.



Solutions
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PV

€& Component selection

€ System design

€ Maintenance frequency

€ Geological survey in advance




PV Guider

Quality to Survive in Taiwan

Dr. Jay Lin
- Mobile : +886 989-832-421
Email : J: pvquider.com

. . i e O

#915 © www.PVGuider.com o
Website: English.PVGuider.com Keep Green Gold Shining!
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Floating PV - Taiwan

potential & quality
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WHY FLAOTING SOLAR ?

ENVIRONMENTAL

4

Minimizes water evaporation
(water & ecosystems
conservation)

.=+ Improves water quality and
reduces algal bloom

« Limits erosion of reservoir |
thanks to wave action :

* Neutral/Positive impact

» Make PV possible when
there is a lack of space

¥
‘0

© Smoothest & fastest

ECONOMIC

S=

Converts unused spaces into
profitable areas

. M M

development processes 3 7 .
P P and unusable areas with

clean energy

Enhances electricity
generation thanks to the

. - » Compatible with recreational
cooling effect -

activities
Reduces grid-connection

costs and major
infrastructures investments

« Environmental amenity,
positive aesthetics

FLOA'i'ING PV BENEFITS
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Total area Mountainous area
35 980 km? A% 21 588 km? (60 %)
More than 2,000 TARGET 2025 : 20 GW in solar

Yiaver arsa jakes and ponds that whose 2 GW are floating solar
3921 |(m2 ('I 09 %) have been identified

Irrigated area '
3 820 km? (10.6%) '-. I
Yield of 1250 No need of license to

H kWh/kWp/year on sell electricity for
Ag rlCUItL;raI lands Southern Taiwan projects under 500kW
8 617 km* (22.7%) \

-

No need of license to

POpUIation Density High cost of sell electricity for

650/km2 land due to - _ projects under 2MW
(14th of the world) land scarcity by 2017

Good regulatory
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Typhoon zone framework, legally
Figure 2: Forecast of Taiwan's PV Installation Growth Trend in Keeping with 2025 Target of 20GW up to 210 km/h . safe, dedicated FiT
(Unit: GW)
25 90%
20%
20 5 70% 6% bonus for high- 15% bonus for solar
20 60% efficiency solar panels ) plants installed in
” 3.0 50% < regulated by MOEA rules . North Taiwan
10 3.0 i
2.0 15 17 30%
5 2.0 I 12 20%
10 BN 7 ? o
0.3 0.9 % 3 5 10% ..
o Oma 13 & % Potential is much more : >40 GWp of FPV

2016( E) 2017(F) 2018(F) 2019(F) 2020(F) 2021(F) 2022(F) 2023(F) 2024(F) 2025(F)

Cumulative Capacity Newly Installed Capacity CAGR

Source: EnergyTrend, Nov., 2016 - o
-4 s B \\‘ i . \ ] m/ & Terre International — Al rights reserved.



HYDRELIO® SOLUTION

HYDRELIO® BENEFITS

RESISTANT TO SALT & UV CORROSION

HDPE +20 YEARS 5-20 YEARS
Blow-molding Lifetime Warrant

HIGH POWER CONSERVE
PRODUCTION VALUABLE
| LANDS
DRINKING WAT -

COMPLIANCE
-

BS 6920:2000
water drinking

&

..fi"/ —
EXTREME WINDIRESISTANCE

OVER 210 km/h  TESTED BY ONERA® o B WATER
(130 mph) Aerospace laboratory ' 4 Q EVAPORATION
4 ECO-FRIENDLY
> 100%
v &y RECYCLABLE “
n, SAFE MOUNTING & MAINTENANCE - ’\ )
— -y = ‘l.“l(
EASY & QUICK SAFE ‘
Installation | Dismantling | Access —~. Ik - : _ "

Recycling — K = :

©Ciel & Terre Internatioan/ — All rights reserved
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December 2016: Establishment

April 2017: Grid connection of 481 kWp
Taoyuan Beihu power plant

June 2017: Grid connection of 2,300 kWp
Agongdian power plant

=~ 2.78

Total floating PV capacity installed [July 2017]

A +42

Total on-going projects so far planned to be
connected in 2017-2018

7 PATENTS + community.trade marks registered

caT
FLOATING CRIT JAPAN
— SOLARUKY ' INTERNATIONAL
] | dm_/ caT "
. CHINA ,
i L caT __/OM
. TAIWAN — =
i ]
caT i
BRAZIL
o caT
ASEANO &
i ]

180

Total on-going projects

= 82

Total capacity installed

262

Total portfolio

. y 3
/.\
v

‘B’f eNGINEERING | @)

PROJECT
@im DEVELOPMENT

\ PROCUREMENT &

Z= / OPERATION &
CONSTRUCTION g MAINTENANCE

©Ciel & Terre International — All rights reserved
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Vi s kGR 0% THANK YOU FOR
WL T YOUR ATTENTION !

B~

QUESTIONS ?
IDEAS ?
ANY COMMENTS
| ARE WELCOMED !!

@ www.ciel-et-terre.net

©Ciel&Terre International — All rights reserved



Poor quality case |
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Poor Quality Case 1

Typhoon Damage

Keep Green Gold Shining!
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Damages in Typhoon

PV Cuider structure

&

- \\'

Roof fixing:




IR with drone

Modules at the edge of the array were damaged

- =



PV _ uider

EL of dropped modules

Serious damage,
compensate by
Insurance

No damage,
reinstalled



Dispute after Typhoon

Who is responsible for modules blown away?

Module Supplier: It's system design and installation problem,
not module’s problem

Frame Supplier: The system designer picked wrong frame spec,
not frame’s problem.

EPC: Module and frame are too weak to resist the strong wind,
they should be responsible.

Owner: It's your problem, | don’t care whoever's fault, just
recover my system !

Insurer: | don’t want to pay for wrong design or installation!



PV Guider

Who is responsible?
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Quality in cables &

connectors
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( Multi-Contact - TA.U B LI

Small components. Big impact.
Cabling of PV installations

QRT REI | 208t Oct. 2017 | Joseph Yang, Division manager




PROJECT BANKABILITY - FIELD DATA

Failures and their financial impact

SrausLr

CPN (cost priority number) based on FMEA (Failure Modes and Effects Analysis) Solar Bankability project by

European Commission’s Horizon 2020

Common Eractice for professional risk assessment which aims to
reduce risks associated with investments in PV projects

= Technical failures/risks and their economic impact due
downtime and/or power loss & repair/substitution costs

= Indication/ estimation of the economic risk (in average) of a
specific technical risk

= Cost Priority Number (CPN) = cost-based failure mode and effects
analysis

= Method was applied to a database of over one million
documented failure claims (empirical and statistical)

-~ Cable & connector with huge financial impact
(€/kWplyear loss due to the failure)

— Risk mitigation measures should be selected with an objective to

minimize the LCOE by optimizing the balance between the
CAPEX and OPEX

48 10/26/2017 QRT

Top 20 technical failures

INV

MOD

CONN/DIST BOX

MoD

STRUCT

MoD

CAB

MoD

INV

TX/MV/HV

INV

MoD

CAB

CAB

TX/MV/RV

MoD

CAB

CAB

ERROR MESSAGE ] €0.17

POTENTIAL INDUCED DEGRADATION I €0.21

MAIN SWITCH OPEN & DOES NOT RECLOSE AUTOMATICALLY I €0.22

GLASS BREAKAGE [I] € 0.27
TRACKER FAILURE [ € 0.31
BROKEN MODULE [ €0.34
WRONG/ABSENT cABLES [l €0.36
IMPROPER INSTALLATION [ € 0.45
BURNT SUPPLY CABLE OR SOCKET [l €0.60
BROKEN TRANSFORMER [l € 0.66
INVERTER NOT OPERATING/FAILURE AFTER GRID FAULT [l € 0.67
sHADING [ € 0.68
DAMAGED cABLE [l €0.69
IMPROPER INSTALLATION [ € 0.69
IMPROPER/INADEQUATE INSTALLATION [ € 0.71
soiLnGg [ €0.95
FAN FAILURE & OVERHEATING [0 € 1.17
WRONG INSTALLATION [ ¢ 1.35
BROKEN/BURNT coNNECTORS [ < 267
wroNG/ABSENT cABLE conNEcTioN [ : :.oc

- € €1.0 €2.0 €3.0 €40 €5.0
€/kWp/year loss due to the failure



PROJECT BANKABILITY - CONTACT RESISTANCE SrausLr

Why connectors have a big impact

‘ “-. “.. Inverter
% ENE ENE Consequences:

— [ |
| EEN HEEN -
(IS | A

Battery

HEN EEN

cmmo)cmmoli

Grid
High risk for (partial) connector failures

\
O}

Performance losses, higher PPM-rates and
downtimes of modules, strings or plants

/ Increasing

contact
resistance

>

Higher
temperature
& power loss High service/maintenance and spare part

costs for repairing

Contact resistance
Hotspots and fire in PV system and
reconstruction costs

Higher
contact
resistance

Higher
temperature

High costs for legal disputes due to
& power loss

undefined liabilities

49 10/26/2017 QRT



PROJECT BANKABILITY

3 sources of risk

Product

1. Quality vs.
Low-end Product

3. Defective
Installation/Crimping

50 10/26/2017 QRT

Potential
Savings

e 0,001%

SrausLr

© 0

service hours restruction
spare parts costs costs due fire

o

legal costs

EECEEED - GG

Energy Yield

@

lost kWh
contact resistance

@

lost kWh
downtime



SrausLr

Key takeaway
= Whatis MC4 ?

= Cable & connector with huge financial impact in a PV project.

%Q

:Em%

Source: TUV Rheinland

Temperature rising of male and female parts Temperature rising of male and female
of the same connector family parts made by different connector
manufacturers

51 10/26/2017 QRT
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Selection rules for high
quality PV modules
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@‘ PV Taiwan 2017

Q} Taiwan Int’'l| Photovoltaic Exhibition
\/ Oct. 18-20

BRI CEREE X

Selection Rules for High Quality PV Module

Hung-Sen Wu
CMS/ITRI




PV £ E%E%iﬁ%ﬁ:
o i@T;:FJXFE \ |/ ==
— 7K1 ZEfE]
— B I

=N )

— IR 5/ 2T E
— DR it &
— E]B/E

59



@EKFE%**
(] H%&S[*ﬁ‘tiﬁéﬁ 2

T
BEYURERES
REXERE 8
S 5
CHEERE 3
AEHGE 1

E# R - Photovoltaic failure and degradation modes,
Prog. Photovolt: Res. Appl. 2017

PV Taiwan 2017

Taiwan Int’l| Photovoltaic Exhibition

Oct. 18-20
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BHiEHE1] <@, PVTaiwan2017

K{Q Taiwan Int’l Photovoltalc Exh|b|t|on
SN Oct. 18-20 =

o EREBRERR TANVAN ,
& o, (C;usmv BV AR R RS- SRS
TAIWAN EXCELLENT PV AWARD N )

\Poly >171%

— TF>13.8% g SSms
MEEE [77 I

MERE/ % : BESE
IEC 61215

)/ IEC 61701 sev.6
IEC 61730 ‘
R

E3HE
( ek
\ s
oSEE(ES

QOO/ DH3000 QIes(lMO Pa)
| -TC50-HF10

N

85°C/ 85%RH
+ 1000V 300 h



% PV Taiwan 2017

Taiwan Int’l| Photovoltaic Exhibition

-.>
BEXGICERMAEETR-2

i

Yy

}%;iﬁ lllﬁﬁyﬂ.k 7#:
(Environment) (Test Plan)
CEYE
(Strong Wind) 2 X DML, ML 3 X(5400/2400)
=R EER Ammonia corrosion test
(Corrosion) (IEC 62716)

EI&8/=81EMA  Operation at high temperature
(Roof/ High temp.) (Hot Spot, UV, TC, Bypass Diode)

e UV at 80 °C or 100°C
(D’;S’e\rt) (Dose: > 120 kWh/m?2)
+ chamber test

62



Manufacturing technology,

production equipment &
quality assurance

Confidential
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Poor quality case Il
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Poor Quality Case 2

Hot spot and micro cracks

Keep Green Gold Shining!



Phenomenon
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IR image taken from Drone



PV uider

LA

EL image of the PV modules
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IR vs. EL

»Highest temperature is at the cell with serious cracks
»Serious cracks does not necessarily have high temperature
»High temperature does not necessarily have cracks



Dispute

Module Supplier: The cracks result from the installation
problem, not module supplier’s responsibility !

Owner: How do you prove it is installation problem but not
module defect ?

Module: The power is still within the power guarantee, no
compensation !

Owner: The cracks result in larger degradation and hot spot, |
want new modules now !

Owner: Even itis the installer walking on the module, the
installation manual did not say it is not allowed!
Module: It is common sense no walking on modules.




Responsibilities

PV uider

LA

responsibility | Module Transport Installer O&M
Pre-shipment Acceptance test
Inspection  Test before Regular inspection

installation




PV Guider

Who is responsible?
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Field research findings
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Learning From Field Study
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(iR
RN P



it EERFIMREAFT

2016 HDt4S

HA453MWiEsH
Y193 AF RN R E
HEM

ae o
SR 7,5% \ 12 7% /_HE 0,5%

11,3%

Copyright © DuPont 2017. All rights reserved.

FEERBE 78,0%
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% defects

oy =S AV e 2 p SE S (AL

1,8

Hot arid Tropical Temperate
M Backsheet 26,4 10,2 3,8
m EVA 10,6 2,2 1,8

Copyright © DuPont 2017. All rights reserved.
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fRRP E 7J|]J_r" 4L AEK ( MAST)
PETEREEFNPARSEREL S IR IEMASTEAL HE 1B 38 =R

DuPont MAST- Module Accelerated Sequential Test 3

Double Sided Single Sided

Fluoro Fluoro Non-Fluoro
B B HPET
Tedlar™) oynp | Tedlar oupe DA | oo | PET
3000 1 \ Measurement | PVF PVF (Polyamide) | i piized)
= Water
hours
UVX = Spray Yellowing . .

Mechanical Loss -
Cracking

)= e oceeoeooe
eoceeoee

.Excellent OFairHellnwing . Poor/Cracking O No Data

PABHRAIGRZ PETEIRAIRZEE

Copyright © DuPont 2017. All rights reserved. &
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BRI RAEMERF5IZAE (MAST)
PVDF} ﬁﬁuzlﬂuPA BRI HIRAEMAS TE AL IS 2 FI R

ER, RENAD ‘%’I‘FEJJL/LF' iR S

Sequentlal combination of Thermal, Humidity, UV

" A E g

1758 75 i =

0002+ (542 T+ (A (2

042

) BF
HOURS

1000/N\BFREREL 600X /S EATEIR

1000 Hours in a Humidity Chamber 600 Thermal Stress Cycles

HEERRFSL 25 FELA ERIIERFREILES BB SN RS AEIRESD HERFSh 20 FAVEINELES
Amounts to >25+ years worth of stress Mimics thermal stresses seen in the field Amounts to ~20 years desert dose of UV

oYY Pont 2017. TG TTCOT
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RIS IRAEINEREIERI (MAST)
EREEEMASTE RIS EIRE

uv
Protocol
UV exposure: 65kWh/m? on the front
1000 CG:' 1000X A/ 200X 1000X : + i
f hours 1000 @ - A DML 2: 1000 cycles of #1500 Pa of loading @ 1 Hz
ermal Cycling, . Tamp an
| hold per IEC62782, 200 cycles =
| =  HF30 = Humidity Freeze, 30 cycles

Thermal

OmML1 Cycling DML 3

DML2 o Optional
Testing completed so far Froeze = DML 3: 1000 cycles of #1000 Pa of loading @ 4 Hz

around 2000 hrs

Sequence G/G modules G/Backsheet modules

DML 1 No change No change

DML 2 Slight delamination on front No change

TC 200 Delamination on front, encapsulant voids on back No change

HF 10 Severe delamination on front, more encapsulant Slight yellowing of backsheet, no
voids on the back delamination

Copyright © DuPont 2017. All rights reserved. 87
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Quality in manufacturing,

Taiwan module
manufacturer view point

2 B 2 ober 20, 2017 - Quality Roundtable at PV Taiwan pv magaZi n e gro u p




PV Taiwan 2017

Taiwan Int’l| Photovoltaic Exhibition

Oct. 18-20

Quality in manufacturing,
Taiwan module manufacturer viewpoint

Speaker : Dr. C\Y. Yu




PV Taiwan 2017

Taiwan Int’| Photovoltaic Exhlbltlon

Oct. 18-20 e =

Introduction

Electricity generation by fuel

S$/kWh 040 - More:sun
15k

0.35
0.30 -
10k 0.25

0.20 -

0.15 -

Generation (TWh)

0.10

0.05 -
0.00 ,
800 > 1IOOO 1200 1400 1800 2000
otential
residential . EMEA . ASOC ‘ AMER kWh/kW/year
Coal -+ Natural Gas - Renewables PV market

» Thanks to rapid advances in technology and globalization, the levelized cost
of electricity (LCOE) of solar energy continues to reduce.

> Itis a one-way ticket toward “cost down”, in the meantime, “Quality” also
matters.

~~— Source :IEA, Renewables International) S ———



http://www.renewablesinternational.net/bloomberg-says-solar-is-here/150/510/38375/

& PV Taiwan 2017
Module Cost vs. IRR <>‘\> O Ol 15 Sp o

-~~~ Module Cost from
USD 0.54/W reduces
to USD 0.5/W.

“~.. =>ThelRR only
increases 0.8%.
(10.1% - 10.9 %)




Power Loss vs.

2.0%

0.0%

IRR

& TPalvVa n?:ﬂgl!xvadgcg(holjl??htrz:l

Oct. 18-20:

Power decay
iIncreases from 1%

to 3%.

=>The IRR

"™ decreases 4.3%.

2 (10.1% = 5.8 %)

9%

0.7% 1.0% 1.5% 2.0% 2.5% 3.0% 3.5% 4.0% 4.5% 5.0%

Power loss every year (%)

“Quali

” MOore

attersl!



<.)‘ PV Taiwan 2017

Q} Taiwan Int’l| Photovoltaic Exhibition

What we do? @& Oct. 18-20

TSEC Business

TSEC provides a whole wide range of products and services including
solar cells, modules, power stations, and EPC service to fulfill clients demands.



(.}‘ PV Taiwan 2017

0 Taiwan Int’l| Photovoltaic Exhibition
Oct. 18-20

PID Effect

TSEC guarantee our high-performance solar cell/module with PID-free:

* Pass PID test by TUV: 85°C / 85% RH, -1000V, 1000hr.
* Pass PID test by UL: 85°C/ 85% RH, -1500V, 300hr. (Bare

Cell) @

§. Apply voltape stress to modules in ciimate chamber.

TSEC PID-reS|stant Process "l Standard Process erS—————rTrT

Before After Before After Chamber relative humidity: 85 % £ 5 % RH.
PID PID PID PID Test duraton: 303 hours
‘ Test Test } Test Voltage: module rated system voltage and polanties. | -1500 Vdc )

7. Perform |EC 61215 Clause 10.2 (MQT 02) maximum power determination between 2 hand & h after

completion of Clause 4 2.2 or4.2.3. Maintain the module indoors at 25 °C and out of direct sunkight until

ready for the maximum power determination.

8. Perform electro-lumineszence imaging at 3 A inputs cument.

9. Perform |EC 61215 Clause 10.3 Insulation Test.

.
R
—

10. Perform IEC 81215 Clause 10.1 visual inspections.

- * - L
‘ i TABLE: Comparison of Maximum Power (Pgg) at STC of PID testing samples
1o ) SY 4 Test Date il 20180722
l ! )| i Test Date/Final 20150806
>
Module temperature [*C] 15
@ — P — P Imdiance [Wn' 1000
! Sample Condition Py W] Vaniance
TS 1 1 10407C02893.02 Keital a
445%
10407C02593-00 Final 408
L 1T 1407C02893-03 il P
i ! — 189%
: 10407C02593.03 Final 415
- - = —_— —— D Supplementary inforation o - - - FE—
1. The resubts were not comected by spectral mismateh factor.
2. The Vanance is defined as
(Pwa.l.l\md 'prn-r:.m:u‘zl X 100 %
annru’.ut\
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: ‘\> T Oct. 18-20 Bz s
Salt Damage Resistance

Salt damage affected regions

ns ~ around Taiwan
pags A,

L

Hsinchu County
Miaoli County

Taichung City

Changhua County
Nantou County

Chiayi County
Kaohsiung City

Pingtung County

Taitung County

. f}f C EPC Projects throughout Taiwan
* High:risk area of salt damage:
)iff sign ifferent '

Cu 99100ien (im/ur)




~& PV Taiwan 2017
|PX8 Test (5% Salt Water) (35) Taiwan Int’l Photovoltaic Exhibition

Oct. 18-20

[ i TABLE: Maximum power determination (Initial)

Vo VI | 16lAl | ViV | InplAl | Prp[W] | FF [%] | Degradation[%]

Test Report

39.22 | 9913 | 31.39 [9.334| 293.0 75.4 s

39.72 | 9.802 | 32.08 |[9.207 | 295.3 75.9 -

TABLE: Maximum power determination (3 Days)

/("\* VoolVI | 1Al ViplV] | ImplA] | PmplW]1 | FF[%] | Degradation[%]
KM 39.35| 9.831 | 31.60 |9.259 | 2926 | 75.6 -0.14 %
g T ng'SMMQ
39.71| 9.785 | 32.04 |9.188 | 2944 | 758 -0.30 %
TABLE: Maximum power determination (7 Days)
° Outd O or Test by 3_rd pa rty. VooVl | 1A ViplV] | ImplA] | Prp[W] | FF[%] | Degradation[%)]
. o 39.22 | 9.824 | 31.15 |9.355( 291.4 [ 757 -0.55 %
* Average test temperature is 35°C.
39.64 | 9.767 | 32.07 |9.166 | 294.0 | 75.9 -0.44 %
 Power decay only ~0.5%.



0 PV Taiwan 2017

\} Taiwan Int | Photovoltalc Exhibition
: h
Conclusions

* Quality can be achieved by design.

* Different design for different environment
challenge.

* .From the cell/module/system manufacturer
viewpoint, besides LCOE, Quality matters more!



Manufacturing quality

discussion
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sy PV Guider

Manufacturing Quality Issues

Jay Lin / Chief Consultant

Keep Green Gold Shining!



Soldering defect

PV _uider

EL image of modules with soldering defects



Cell Mismatch

PV _uider
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Dark Area along Busbar
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Fault in Production
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Keep Green Gold Shining
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#915 © www.PVGuider.com o
Website: English.PVGuider.com Keep Green Gold Shining!
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Conclusions

pv magazine group




Quality Roundtable
at PV Taiwan 2017

Quality first: A holistic overview of quality in and for Taiwan,
from cell and module, to array.

Initiative partner Gold sponsors In collaboration with
. z2,
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TA u B L I (Multi-Contact PV Guider

October 20, 2017 - Quality Roundtable at PV Taiwan pv m agaZi n e gro u p



