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Overview of the PV plant analysed

»The plant performed well according to its
design specifications. It reached the highest
performance ratio, mean final yield and plant
efficiency that we have found up to now (in 10
years of PV plant monitoring). Thus it becomes
a reference target for future PV installations.”

Final Report On System Monitoring, September 1992
Joint Research Centre, European Solar Test Installation
by G. Blaesser & A. Tournier
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Why repowering this plant?
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; ¢ Yield reduction of around 40% up to 2016 after first
& repowering in 2006 (inverter). Yield reduction was not linear
over the years
¢ |Is PV not working reliably? What are the possible causes?
N 1 f i iR R E R AR
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
T N oAﬂvzncaﬂ Energy Concepts. EUPVSEC 2020

©TNC 2020

Economical learning curve

Economical Development of PV noise barrier plant A13 Switzerland
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All projects evaluated are projects developed by TNC
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Economical achievements

Shares of key components PV noise barrier plant
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Why is final yield not sufficient?
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Comparison and analysis of different sources of solar irradiation values
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System performance, PR
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Were the PV modules failing? Were the PV modules failing?
. Kyocera LA361J48 PV N Raw IV- and PV-Curve “ B Raw IV- and PV-Curve ©
modules 35 48 35 o
+ State of the art 1989 s 0 . - 7 o
¢ Nominal power 48 W, ’s N T “ . >
. . o 30 o - 30 —
* Module efficiency 11% 5, o 5, L2
s g 1=E|| 8 i
* 36 polycristalline solar 3 Dats: 03,00.20% we | 3 Dote: 030:204 0e
18 SeralNo: 91702365 18 SeralNo: 91701767
cells , Py sret 95719W 15 | P sre 471007 W 15
e connection box with 1 10
05 5 05 5
screwed enclosure ,‘
. s . 0 : . . “——o 0 " » - ~——o
¢ diode within connection 0 5 BT 2 ° 5 DA 2
box
e 23 PV modules available
directly from the plant
¢ 8 modules non light-
exposed
2 Based on Lab measurements ZHAW 8
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Were the PV modules failing?

Raw IV- and PV-Curve
4 ' ' ' 50
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e Higher serial resistance in the PV modules

¢ Cell connections? Corrosion in the connection box? Cables and
connections?

¢ Visual inspection does not show delamination, browning or glass damage

* Cell cracks visible, no comparison available. Strings were sorted by Impp

ol | | [ o,
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Voltage [V]

Were the PV modules failing?

Serial Vmpp Raw ompp Raw Smpp STC IV eurve Pmpp Difference Pmpp  Difference Pmpp to
Aussh PR RSy 2 AL L N ST 18 STE AL AL iac._namaniata [W]__to namaniata.___Eiachor
91621048 21.26 296 15.08 250 37.69 21.02 297 3718 Rs 46.80 -21% 2%
91620357 2125 290 1484 241 3872 21.02 291 3525 Rs 46.80 -25% -25%
91613393 2127 295 15.64 257 40.26 21.04 2.95 39.73 Semi Re. 46.80 -15% -15%
91621017 2125 270 12.40 234 3.2 2102 U270 3328 a5, ls 46.80 29% -29%
91702360 2121 292 14.82 253 37.44 2037 293 3691 Rs 46.80 -21% -21%
91701136 2112 29L 15.18 264 40.04 20.30 251 3952 Ok 46.80 -16% -15%
91701142 21.08 290 1236 259 3699 [2008 | 290 3637 Re 46.80 22% -22%
91701160 2114 290 14.05 257 36.07 20.92 250 3560 Rs 46.80 -24% -25%
91702075 2113 289 18.29 157 36.68 2091 289 36.21 Rs 46.80 -23% -24%
91701145 2107 2.8 15.24 2.50 38.14 20.85 288 3766 Rs 46.80 -20% -18%
91621015 2119 293 1512 261 39.53 Semi R 46.80 -A7% -18%
91702076 2105 289 13.48 253 34.08 Rs. 46.80 -28% -29%
91702365 21.05 283 12.45 241 29.95 Extreme Rs 46.80
91203124 2102 289 13.30 236 3134 Cxtreme A 46.80
91621049 21.15 2.94 15.27 233 35.57 Rs, w 4&% -ﬁt -ZLK
85903051 2115 310 16.18 284 45.97 Ok 48.00 5% -
89Y23101 2128 313 16.75 288 4756 ok as00 | 2% |
89903052 21.07 3.07 16.66 279 46.52 Ok 48.00 A%
91701167 21.22 3.02 16.72 285 41.23 Ok 46.80
91704002 2132 310 16.89 290 48.90 Ok 46.80
91703055 2137 315 1667 234 49,00 ok 6.80
91209257 2133 305 16.96 288 4881 Ok 46.80
91209250 21.37 3.07 16.95 291 49.33 Ok 46.80

¢ Non light-exposed modules show no power degradation
¢ PV modules from the plant show power degradation of 15...37%, ¢ 20%

Based on Lab measurements ZHAW g * Average annual reduction of 0.55...1.32% in nominal power g
o~ o~
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Were the PV modules failing? Maybe it was the inverters?
Serial P— P omppSTC | trveuree Pmop | Diferance Prapp _ Diflerance Propp 1o Eficiency of Siemens prototype Inverter 1993-2003
& 46.50 2% 21% 100.00%
46.80 -25% -25%
7 Rs 4680 -15% -15% 99.00%
© 46.80
46.80 . .
5 w5 98.00% Calculation of inverter
» 46.80 ici i 1
i 50 o700 |_am . efficiency in the field,
3 b aem \ using DC input and AC
5 4 46.80 ~— 96.00%
3 B sse0 £ \ output
..'3 eARs 46.80 >
5 3 s 16,80 £ 95.00%
3 .00 k] \
2 " s ﬁ\oﬁ,/'
1 93.00%
. . . =+=Inverter Efficiency
o 92.00%
-35% -30% -25% -20% -15% -10% -5% 0%
* Non light-exposed modules show no power degradation 91.00%
e PV modules from the plant show power degradation of 15...37%, @ 20% 90.00% ‘ ‘ ‘ ‘ ‘ ‘ _ Basedonmeasured data TNC
» Average annual reduction of 0.55...1.32% in nominal power g 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 8
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Maybe it was the inverters? Balance of System BoS

e Calculated inverter

prEN 50530 Geiwichtung nach

JOSE ¢ SolarMax 60SE Yield for different scenarios 2006-2017
Messung nach prEN50530 « Retrofit 2005 150'000 250.0%
Normlerte MPP-Lelstung Pmpp / Pden [%]
FES N 2N N N N LR * Measurements done
Pac k] ' .
P e (e e e e e at operational voltage 120000 | 000w
i) (405 Vv DC)
e o e [ e P e I
¢ No comparison to
Eta WR [%] _— .. ) ' %
[s2784 [seiss [s2488 [s2547 [32777 [s27ib [e2374 9180 orlglnal state of § 90000 — 150.0%
T inverter available =
2

Difference simulation to measured yield [%]

60'000 100.0%
| EU — efficiency first year of
Gewichtungswerte . .
Jo0a I:“ Jois~ o o1 Joas o Jo2 o peratl on: 92 . 64%
Eta Conv [1] (Gewichtet nach EU oder CEC) . Efﬁciency measured at 30'000 50.0%
£1.88

. o, m Difference 20% degradation Difference to no degradation
Eta Total [%] (Gewichtet nach EU oder CEC) | — Bu rngI’f- 91.61% —o—Final Yield —m-PV modules @ 20% degradation
Ll _| e Red . . I No degradation of PV Modules
eduction is only N BN BN BN BN BN BN BN BN BN W
0 . | . . . . 0.0%

Based on Lab measurements BFH -1.12% g 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 g
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Balance of System BoS Balance of System BoS

e BoS accounts for around 50% of yield reduction

e BoS influence on yield can be as high as inverter
and modules

¢ Detailed analysis of components is not possible because of
disposed components during repowering 2017

e Measured field experience is crucial for understanding
degradation and critical paths in degradation of system

performance
¢ Connection boxes, connectors and cables need monitoring and
maintenance
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Findings and conclusions Questions?

» Economical learning curve: System cost reduction of >95% is astonishing Thank you for your attention!

» Technological achievements: module efficiency of commercially
available PV modules doubled from 1989 to 2017

e Yield is not sufficient for monitoring, application of solar irradiation and

Performance Ratio are essential -
* PV modules and Inverters (2 Gen.) seem to show degradation as < 7energieschweiz rhiienergie

expected or less after 28 years of field exposure
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Special thanks to our partners:

* Detailed analysis of yield reduction shows BoS share of yield reduction h
is up to 50%. There needs to be a discussion about BoS components and azw
their performance.

Engineering

* Longterm field experience and measured data is essential
www.tnc.ch

vontobel@tnc.ch
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