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SUPSI: supporting PV Iinnovation

1° grid-connected PV system in EU
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SUPSI: supporting PV Iinnovation
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TISO: 30+ years ago
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TISO: 30+ years ago

37 W__ c¢c-Si modules by ARCO Solar

peak

module efficiency: 10%
3 strings, 8x12 modules each
total: 288 modules

total power: 10.6 kW
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TISO: 30+ years ago
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TISO: 30+ years ago
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TISO: 30+ years ago
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Towards new generation?

Spot prices: Germany, January 2010
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Towards new generation?
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Spot prices: Germany, August 2014
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Pravettoni, Manni, Strepparava, Coatings, to be published
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Towards new generation?

Spot prices: Germany, January 2010 Spot prices: Germany, August 2014
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How multi-J may show
the same reliabllity as
the “good old silicon™?
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KEITH BARNHAM

A USER'S GUIDE TO THE

SOLAR REVOLUTION

o000 e e e E E E EEEEEEEEEEESRE



SUPSI Lifetime and Reliability Issues in PV | Pre-normative characterization of multi-junction photovoltaic modules

Electrical characterization
of multi-junction modules
1) spectral responsivity measurement

2) best reference cell selection
3) calculation of the spectral mismatch

4) spectral tuning to decrease spectral
mismatch

5) correction to STC
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Spectral tuning: theory

3 , T 110%
a-Si(top) ! d: uc-Si(bot)
— 2.5 i a-Si(bot) © 105%
= PSSC (tpp) i (bot) S, °
< : L :
~ 2r . . )| EOROUNRE  ———————
Sl ppmen ||| ;
= 'f'ff Py, | S 95%|
- TR " EEE
c 1k , : N‘r““ 90% I ! \ I | L
1 F“ ey _— 4‘:‘- —_— ::-\- —
f%wrd | ..q” s & 8 & 8 §
i ’ i T ' T T @)
ok l 1 L 1 l ] = m,:, = = x
300 450 600 750 900 1050 1200 i S i L A
wavelength [nm] PV technology

c-Si (bot)

OO0 e e E E EEEEEEEEEEEEEEER



EEEEEEEEEEEEEEEEEEEEE O (O00000OOOO

Lifetime and Reliability Issues in PV | Pre-normative characterization of multi-junction photovoltaic modules

SUPSI

lge 5

MIEBV J5Sd
B (:00) His-e
(o) His-e
mIroe IS-on

_ B (d0) His-e

theory

110% -
105% |-
100% [~-pagr -~

" = I1S-2
@) _
S
n o
- 8
" nl [%] A3sip “ds
o
- & <
~
s —
- UW
_ g e
[ + 4 1o
C =z: L |
5 - =,
a un =S
S = T— —— - B
e N f— =
) e
A v ...... ;A.mwv .................. mﬁ.l.l. ........... o
© 7 = |
© %r
p ,,,,,,,,, . - T~ 43
n . £
—
e 2 B
£ a . ==
& N 2
ﬁ__u FIIII.I-
—
T N——
L _ 1 1 1 i 2
M N o LN — N om
o~ — o

[wu/;w/p] a1 ds

lge 5

I (co:) OsSd
I (100) H:is-e
WIEBV H:IS-e
MI:oe IS-on

(dol) H:Is-e
]_m.U
L I I L
2 ® =¥ =* ¥
o n o [Ty o
— o = (0)] (e)}
— — —
[%] J3sip “ds
o
s -
™~
bl
' 4 &
° 4 qe
TR < £ el
g = =
w #
=2 = |s
ui £ &
U =
S .

c-Si
-Si(b
"‘.TW
|
750

wavelength [nm]

B o
111111111 N o IS, -y o
= - ©
o &
N s
g - o
e, - un
rlul'.ll <
-ﬂl —.
——
T —
L _ 1 1 1 i 2
m 1 N 1 ~H 1N  Om
(] — (]

[wu/;w/p] i ds

PV technology



EEEEEEEEEEEEEEEEEEEEEE((0O0000O0OO0O

lge 5

I (o) dss
o0 s

Lifetime and Reliability Issues in PV | Pre-normative characterization of multi-junction photovoltaic modules

SUPSI

theory

B (co) Hiis-e

I (:09) 's-on

B (0o) Hiis-e

" = I1S-2
O) — _
X X X X
o n n o
— o (o) ] (e)}
C = 3
N . .
- [%] J3sip “ds
=)
P -
- S
Sm
F o
= 'y -3
M =23 : )
3 = =
S = 3 = |2
B E———— . censiiiRE. - %
fd O =
O 3 E
— o
- — - — 5
e v pr— ~
[{8] WI
......... w.-:---:ML.::::::::l S
S a o0 =
- = 1
7 T <
[(v] T———
L _ 1 1 1 i 2
™M 1 o~ LN — LN om
o — o

[wu/;w/M] -1 -ds

(309) 1S-5
I (103 dssd
I o) Hise
| B4
I :
I o) Hise £
1 9
" . D
H +—
B 00) 1500 2
S (o)) His-e
)
[ [ _ _
[%] 1asip "ds
o
o
™~
1
o
2 S
o O 1
B —
a o =
p— L (-
T ==
O o c
5%
...... . e £
o
- AR o)
MO M C
S Q
2 >
......... oI, . (—————
—_— C
Q un
8 4 o
g -1
n <
©
L _ 1 1 1 I 2
Te) o~ LN — N om
~ — o

[wu/;w/M] 1 -ds



SUPSI

Lifetime and Reliability Issues in PV | Pre-normative characterization of multi-junction photovoltaic modules

Spectral tuning for modules
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An example: a-Si:H/uc-Si:H
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An example: a-Si:H/uc-Si:H
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Conclusions

Multi-J may enter PV history, as TISO did

Normative activity Is ongoing to improve
reliability of new generation PV

Multi-J characterization has been
challenging so far

Novel solutions to allow spectral tuning at
module level were developed at SUPSI

W oam BN N . T e, . [ A SRS N

SUVISS FrPFEUOITUIVILS

(/M A SIS EEEEEEEEEEEEEEEEEEEERN



SUPSI Lifetime and Reliability Iss n PV | Pre-normative characteriza of multi-junction photovoltaic modules

Acknowledgments

Budesamt flir Energie (BFE)
Azienda Elettrica Ticinese (ATE)
for funding of research project
PM-THIN (2011-2014)

Gabi Friesen, Sebastian Dittmann,
Loris Manni, Alessandro Virtuani



Thanks for your attention ;’%

" AND SPECTAL THANKS
TO RONNY. DAVIOE
£ SYLVAIN




	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33

