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New Single-Entry Point Virtual Marketplace:
* 9 Pilot Measurement & Verification Lines

« 3 Open Innovation Services
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Goal: ageing sequence for BIPV modules that guarantees durability

IEC 61215 ageing sequence is not intended to demonstrate long-term performance in all locations

IEC 63092 adds requirements for BIPV modules

IEC TS 63209 proposes a long-term performance testing sequence, but for conventional PV modules

Need for extended stress sequences for BIPV products

Based on:
IEC 61215
Long-term performance testing sequences for BIPV products: IEC 63092
IEC TS 63209
1. Mechanical stresses & environmental ageing actions sequence ISO 12543-4
2. Thermal fatigue sequence
3. Combined UV and thermal fatigue sequence
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Mechanical stresses & environmental ageing actions sequence
Characterization | Maxzooxiézmkﬁ:f\.aﬁxa(icm MaxlUOxel);g:nl\.El’;f\.%x%cm MaxlUOxiS;:nl\:‘?:;:?ﬁ)éﬁ_Cﬁ ____________________
Vis+STC+Hns+WetL+EL l l " more if required for Based on:

|
6 samples 0,5x0,5m ; wind test set up
+ additionallfor \:vind A Damp Heat 1000h ]A Damp Heat 1000h m Damp Heat 1000h ]
859C - 85% Hum 852C - 85% Hum 85°9C - 85% Hum ]
test I E C 6 3 0 9 2

Characterization Sequences C and E of IEC 61215

Characterization Characterization

Vis+STC+Ins+WetL+EL Vis+STC+Ins+WetL+EL Vis+STC+Ins+WetL+EL
D . ) If samples are! Pl Y- \ b Sequence 2 Of IEC TS 63209'1
% Wind Mech Test ] % Wind Mech Test ] broken on! ! Wind Mech Test !
wind or hail| )
test!
* Hail test (steel balls) ]
. 2 L :
Characterization Characterization | Characterization ! Inte rmed Iate Cha ra Cterlzatlons:
Vis+STC+EL Vis+STC+EL : Vis+STC+EL !
N y :::;:'_'_"_'_'_"_'_'_'___:‘
Thermal Cycling 50c Thermal Cycling 50c Thermal Cycling50c ! ° H H H
& -40°C -85 °C H -40°C -85 °C -40 2C — 85 °C j Visual mspectlon
"y S N o o o e e e e e - -
FTEERRIIIIIIIIS : |V curves
! ! . .
‘ ‘ | i * Insulation testing
- 2 P GLEEEET T,
I( Humidity Freeze 10c ‘( Humidity Freeze 10c : Humidity Freeze 10c ! ¢ Wet Ieakage
i g o ¥ g . .
L -40 °C — 85 °C — 85%H ) 'L 40°C—85°C— 85%H ) ,\_fO_“_C_ _S_SFDE__S?fxT_I ° EL |mag|ng

Characterization L ‘ ‘
Vis+STCHNs+Wetl+EL |

Duration: ~2 months
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Mechanical stresses & environmental ageing actions sequence

1 sample. 3 sample. 2 sample.

Characterization
Vis+STC+ns+WetL+EL

| Max 200x105; MTn 36x36cm Max 200x105; Min 36x36 cm  Max 200x105; Min 36x36 cm

I b

6 samples 0,5x0,5m

e P Damp Heat 1000h
+ additional for wind A 85 oC - 85% Hum

test

Damp Heat 1000h Damp Heat 1000h
85°C - 85% Hum 85 9C - 85% Hum

Characterization Characterization
Vis+STC+Ins+WetL+EL Vis+STC+Ins+WetL+EL

Characterization
Vis+STC+Ins+WetL+EL

) If samples arei it
Wind Mech Test ] % Wind Mech Test ] broken on! [
wind or hail|
‘ test:
Hail test (steel balls) ;
Y \ A
A
Characterization Characterization | Characterization |
Vis+STC+EL Vis+STC+EL | Vis+STC+EL 1

________________

A N - \
Thermal Cycling 50c Thermal Cycling 50c Thermal Cycling 50c
-40°C — 85 °C -409eC - 85¢

"y S N o o o e e e e e - -

-40°C—-85°C 402C —852C

________________

~\ ~
Humidity Freeze 10c I Humidity Freeze 10c
-40°C — 85 °C — 85%H -40°C — 85 °C — 85%H

_______________

Humidity Freeze 10c
-40°C — 85 °C — 85%H

%_@_W

Characterization L J ‘
Vis+STCHNs+Wetl+EL |
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100 -
80 m
more if required for 80 H
wind test set up 70

________________

60 4

%mﬂﬂﬂ

500 1000 1500 2000 2500 3000 3500

wind speed (km/h)

500 4
450 4 m
400
350 A
300 A
250 A

200 A
150 1
100 A ' \
50 1 ~—\
0

0 500 1000 1500 2000 2500 3000 3500

Wind load (Pa)

Time (s) Time (s)
. %
Dynamic wind load
test set-up
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Thermal fatigue sequence

2 samples Based on:
Characterization Max 200x105; Min 36x36cm
( Vis+STC+Ins+WetL+EL
el v \ « Sequencelof IECTS 63209-1
samples .
Thermal Cycling 200c
-40eC — 85 oC
Characterization
Vis+STC+Ins+WetL+EL
Thef;noa])gv_cgggiﬂm With intermediate characterizations:
Characterization L Visual inspection
Vis+STC+Ins+WetL+EL o |V curves
™ . .
& Thermal Cycling 200c ° Insulation teStlnq
A0°c-8% + Wetleakage

Characterization U ELima g in g
Vis+STC+Ins+WetlL+EL

Duration: ~2.5 months
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Combined UV & thermal fatigue sequence

3 samples
3samE)Ies 3samplr:=35 Max 1 sample 100x100;
Characterization | Max 50x50; Min 34x22 cm Max 30x60 cm; Min 34x22 cm Min 34x22 cm
Vis+STC+ns+WetL+EL i ! Based on:

|
9+ 1 samples A \A ) Damp Heaotzooh )
) ) A 857C 8S%Hum ) « Sequence 3 of IECTS 63209-1

( ‘ ISO 12543-4 UV test
50 °C—100%RH - 14d | iE 198 kWh/m2 of UV

N
High Temp
100 eC - 16h (oven)
A
[ T at 500h & 1000h

Characterization ( Characterization o With intermediate characterizations:

Characterization
Vis+STC+Ins+WetL+EL
+Optical

Humidity Radiation (2000h)

Transmittance Transmittance Characterization

T-R+Haze+Yellow+AE

\ Y / * Visualinspection
Thermal Cycling 150¢ o IV curves
/ 7 -40°2C—852C . :
‘ J * Insulation testing
t * Wetleakage
§ | « ELimaging
% ;%% %% Humidity Freeze 30c )
-402C - 852C —85%H | Duration: ~4.5 months

Characterization 1‘
Vis+STC+ns+Wetl+£L |
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3 innovative BIPV products + Glass module

Flexbrick BIPV 3" gen BIPV = Composite PV Glass PV Confidential
Module Module Module Module

Mechanical Stresses and

Ageing Actions sequence

Thermal Fatigue sequence Flexbrick BIPV Module 34 gen BIPV Module
Combined UV and Thermal

Fatigue sequence
6-month outdoor exposure
Composite PV Module Glass PV Module
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Mechanical stresses &

environmental actions

Isc variation (%)

Vo variation (%)
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2 2
1 1
0 0
X -1 X 1
'—CJ —&— MEZ-FB-SEQ1-G-01 ._CJ —8—MEZ-FB-SEQ1-G-01
_U'D —@— MEZ-FB-SEQ1-G-02 O —8—MEZ-FB-SEQ1-G-02
q -2 —&— MEZ-FB-SEQ1-G-03 z -2 —8—MEZ-FB-SEQ1-G-03
MEZ-FB-SEQ1-G-04 MEZ-FB-SEQ1-G-04
-3 —8— MEZ-FB-SEQ1-T-01 -3 —8—MEZ-FB-SEQ1-T-01
MEZ-FB-SEQ1-T-02 MEZ-FB-SEQ1-T-02
Flexbrick BIPV Module -4 DT -4 B
-5 -5
Start DH1000 Wind-Hail TC50 HF10 Start DH1000 Wind-Hail TC50 HF10
Key results:
* The samples withstood all the tests performed.
* The product withstands 2J hail impacts, but 7J hail impacts cause fractures.
* Avery small cumulative Isc and Voc variation was measured (<1%).
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Combined UV &
Thermal fatigue thermal fatigue
Pup Variation (%) Pup variation (%)
-2 Y
-1
-2 ME
,—.,-4 — -3 ——ME
E\O §- -4 —8—MEZ(
Z6 g s ,
a . n- -6 ——ME
g . oo D | ew
| o -8 —a—ME
Composite PV Module -10 -1'3 :
-11 ME
-12 -12
0 200 400 600 T0 DH200 uv TC150 HF30
Thermal Cycles Humidity
Heat
Key results:
« Thermal fatigue sequence withstood (outlayer due to contact degradation).
« Combined UV and thermal fatigue sequence: combination of UV exposition and
humidity-freeze tests caused strong discoloration and performance loss.
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SEQ3_01 SEQ3_04 SEQ3_07
(High temperature) (Humidity) (UV radiation)

HT /RH / UV

Composite PV Module

-,
V]

Key results:

 Thermal fatigue sequence withstood.

« Combined UV and thermal fatigue sequence: combination of UV exposition and

humidity-freeze tests caused strong discoloration and performance loss.
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Mechanical stresses & Thermal fatique Combined l..lV &
environmental actions 9 thermal fatigue

P, Variation (%) Pwp variation (%) Pyp variation (%)
3 2
2 1
1
s0 o “'\‘ s
S G4
-1 . .
5 — 2
Glass PV Module . , . .
Start DH1000  Wind-Hail TC50 HF10 0 200 400 600 TO DH200 uv TC150 HF30
Thermal Cycles H”'_'lzi::ty
Key results:
 The samples withstood all the tests performed.
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3 new extended stress sequences: enable testing for long-term reliability of BIPV modules.

« The sequences may seem harsh, but a significant part of the modules resisted.

 The thermal fatigue sequence resulted to be relatively mild.

* Incombined UV and thermal fatigue sequence, UV exposure (laminated glass standard ISO 12543-4) resulted to be severe.

* Alltested samples withstood the new dynamic wind load test, and the mechanical and environmental ageing sequence as well.
« Combined effects of tests observed in sample degradation: intermediate characterization important.

 The sequences provide information on reliability and design improvement capabilities of BIPV products.
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