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Santerno Iinverter uptime:

a case study and benchmark




Objective of this study %2 SANTERNO

CARRARO GROUP

This study is aimed to compare the historic behavior of 480 Santerno solar inverters Santerno over more than 3 years
with respect to a case study pubblished by Sunedison in 2010

Units analised:

« No. 406 TG145, 100kWac w/ LV trafo
* No. 74 TG385, 300kWac w/o LV trafo

Total installed power : 63MWac

PV Plants analised with Santerno Benchmark:
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vice Rates are betters than Sunedison

s (MTBF) are validate
(MTTR) are validate
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1 _|DATE |~ |Richiesta n" |~ | Client |~ |PLANT |~ |Code Material |~ | Material description |~ i~ | OLD s{~ | SENT FROM SF ~ | TRANSPORT C ~
54 | 16M0/2009 |090-EES-SE1-CO-2468 ECOSTREAM AZNALCOLLAR ZZO0101061 MY242 | Sinus P-F 150-162 1| #04258 |SENT 18M1I2009 | AL 055-09 181420
55 | 16/M0/2009 |090-EES-SE1-CO-2469 ECOSTREAM AZNALCOLLAR ZZ0101061 MY242 | Sinus P-F 150-162 1 | 204247 [SENT 181112009 | AL 055-09 1811420
56 | 21/10/2009 | 090-EES-SE1-CO-2591 DALKIA SOLAR MECANOYA RLOZ009E1 RELE 1 SENT 04/11/2009 | AL 052-09 0441112
57 | Z1M10/2009 | 090-EES-SE1-CO-2590 DALKIA SOLAR MECANOYA RL5001933 ZOCOLO X DIN RELAY 1 SENT 041172008 | AL 052-09 0441112
52 | 22/M0/2009 |090-5SRO-SE1-CO-2517 GA Solar FUENTE ALAMO 3 [ZZ0101094 RY242  |RT242 SUNWAY 385-800¥ 1 | 8000540 [SENT 041172009 | AL 052-09 0441142
53 | ZEM0/2009 |090-EES-SEI-CO-2633 DALKIA SOLAR FPITIEGUA ZZ0095620 ESS48I2 1 SENT 04/11/2009 | AL 052-09 0441112
&0 | 031142008 [090-EES-SE1-CO-2679 ENERG.SOLAR TECNICA ZZO0EI00E, 3200 SUNWAY M XR 5300 1| 68511 |SENT 18M1I2009 | AL 055-09 181420
&1 | 041142009 |090-EES-SE1-CO-2715 GA Solar FUENTE ALAMO 3 |AC1322701 FILTRO 1 SENT 04/11/2009 | AL 052-09 0441142
£2 | 041142009 | 090-EES-SEI-CO-271E GA Solar FUENTE ALAMO 3 _|XXRLO0OE4 TEMPORIZADOR 1 SENT 04/11/2009 | AL 052-09 0441112
&3 | 04H112008 [090-EES-SEI-CO-2717 GA Solar FUENTE ALAMO 3 |ZZ00E5306 ES768 1 SENT 041172008 | AL 052-09 0441112
£4 | 041112009 |090-EES-SEI-CO-2714 GA Solar FUENTE ALAMO 3 |ZZ40£0905 ES809 1 SENT 04/11/2009 | AL 052-09 0441142
E5 | 17411/2009 | 090-EES-SE1-CO-2835 UTE ABAMILLA ABAMNILLA FZ4500520 DATA LOGGER 1 SENT 181112009 | AL 055-09 18111420
BE | 18/11/2009 090-EES-SE1-PR-2842 GA-Solar Fuente Alamo ¥ ZZO0101094 RY242  RY242 SUNWAY 385-800¥ 1 £15654 SENT Movember 2009
&7 | 05/012010 [ 100-EES-SE1-CO-000% Solaer solaer ZZ0101061 MY242 | Sinus P-F 150-162 1 [ 800032 [SENT 12/01/2010 | AL 063-10 12001424
£2 | 200012010 [ 100-EES-SEI-CO-0030 ECOSTREAM El ¥iso (Cérdoba) |72 ESE09 1 SENT 16/03/2010 | AL 070-10 1640341
£3 | ZEMNZ010]100-EES-SEI-CO-0143 GA Solar CALASFARRA 1 RL5001999 2 Given 1002410 to Laura | Bedeschi
70 | 260012010 [ 100-EES-SE1-CO-0142 GA Solar CALASPARRA 1 HERLOGI0S 2 Given 10/02H0 to Laura | Bedeschi
71 | 0100242010 [ 100-EET-SE1-CO-0509 COMSA ¥iso del Marqués | XXCE00311 Interruttore sezionadore 1 SENT 1610342010 | AL 070-10 16403414
72 | OEM0242010 [ 100-EET-SEI-CO-0511 ECOSTREAM Los Cabezos ZZO101061 MY242 1| 200250 [SENT 0042000 |AL 074-10 mmmﬂ
73 | 2200242010 [ 100-EES-SE1-CO-0337 DALKIA SOLAR 181 ZZ0101085 HOZ42 | Sunway 135 - BO0Y 1 | 900772 [SENT 16032000 | AL 070-10 16203H)
74 | 04702342010 [ 100-EET-SE1-CO-0510 Ecostream El ¥iso [Cérdoba)] | XXCE00095 SGANC.APERT PER §3-54-5{ 1 SENT 16/03/2010 | AL 070-10 16403414
75 | 0470242010 [ 100-EET-SEI-CO-0701 Dalkia Solar FPITIEGUA ZZ4500520 E5851 1 SENT 161032010 | AL 070-10 16!03"5
76 | 0470342010 [100-EET-SE1-CO-0704 Dalkia Solar FITIEGUA ZZ4500520 ES851 1 SENT 160032000 | AL 070-10 16203,
77 | 09/0242010 [ 100-EET-SE1-CO-0702 Dalkia Solar 161 - ONIL HXYNOOOI Griglia Yentilazione 1 SENT 1610342010 | AL 070-10 16403414
72 | 1500242010 [ 100-EET-SEI-CO-0702 Ecostream - P¥ Sol{ Aznalcollar ZZ0101061 MY242 | Sunway 145 - 800¥ 1| 800210 [SENT 01042010 [ AL 07410 0104114
74 | 2200342010 [100-EET-SE1-CO-0512 Accener Accener [Cuenca] | XXRLOO10S Rele 1 AL 067-10 D&M
20 | DE0442010 [ 100-EET-SE1-CO-0847 AYANZIT LA SESA 2 RLOZ00$07 « RL5001{ Rele CR-MO24DCALG ER 5954 1.1 SENT 30510 AL 0£2-10 310520
21 | 060442010 [ 100-EET-SEI-CO-084E AYANZIT LA SESA 2 RLOZ00$07 + RL5001 Rele CR-MOZ4DCALG ER 5954 1.1 SENT 305110 AL 0£2-10 310520
#2 | DEAD442010 [100-EET-SE1-CO-0850 ICS Renovables LIDERFIL ZZOI01061 MY24Z | Sunway 45 - 800Y 1| 804117 [SENT 8042010 | AL 077-10 0804
23 | 15/0442010 [ 100-EET-SE1-CO-0839 ACCENER CUENCA HXRLO0OZ4 CONT.TRLA 145-30-11 1 SENT W00 AL 099-10 310544
24 | 1500442010 [ 100-EET-SEI-CO-0837 1.0 ENERGIAS CIUDAD REAL ZZO06I044 32001 | SUNWAY MPLUS 6400 1| 916127 |SENT 30510 AL 0£2-10 310520
25 | 2300442010 | 100-EET-SEI-CO- 1198 Yifiaresol LaSesa2 RLOZO0E07 Rele CR-MOZ4DC4LG ER 535 | 1 | 302442 |SENT 30510 AL 082-10 30520
#6 | 2300442010 [ 100-EET-SE1-CO- 1193 Yifiaresol La Sesa 2 RLOZ00S07 Rele CR-M024DC4LG ER 595 | 1 | 802297 [SENT 3/05H0 AL 0£2-10 30520
a7 | 2340442010 [ 100-EET-SEI-CO- 1200 Yifiaresol La Sesa 2 RLOZ00S07 Rele CR-M024DC4LG ER 595 | 1 | 802277 [SENT 310510 AL 0£2-10 310520
22 | 2300442010 | 100-EET-SEI-CO- 1197 Yifiaresol La Sesa ¥ ZZA0F0905 ES 803 1| 202294 |SENT 30510 AL 082-10 30520
#3 | 280442010 [ 100-EET-SE1-CO-1201 Yifiaresol La Sesa 2 TRO13200 TRANSF 1F. 500Y¥A 230-400¥¢ 1 | 802306 |SENT W06H0 AL 039-10 3105
a0 | 2E:0442010 [ 100-EET-SE1-CO-1000 GA Solar Calasparra 2 CT1 | wW0020530 Sonda FTI00 TESAR TRP-100 1 SENT 310510 AL 082-10 3105020]
31 | 2E:0442010 [ 100-EET-SEI-CO-1017 Yifiaresol La Sesa2 HXYMO005] TORRIND YENT TBZ5000220 | 2 SENT W00 AL 099-10 3|msnﬂ
3z | 280442010 [ 100-EET-SE1-CO-1016 Yifiaresol La Sesa 2 ZZO0101061 MY242 | Sunway ™5 - 800¥ 1 | 810304 [SENT W00 AL 099-10 310541
33 | 3000442010 [ 100-EET-SE1-CO- 1656 COMSA MAIALS ZZ0101085 GOZ42 | Sunway 135 - GO0Y 1 | 711808 [SENT 3/05H0 AL 082-10 3105:20]
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CARRARO GROUP

Santerno case study: Service Rates & Inverter years z SANTERNO

require 1 repair year

4th 2011 = 1113 days = 3,05 Years
= 1464 inverter years
ns =» 4800 hours
= 5.342 kH

2> 91

= 91 Events/ 480 Inverter = 0,19

91/1464 =2 0,06




Sunway TG — designed for uptime !

R for solar inverters

¢, SANTERNO
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Model MTBF [h] MTTR [h]
SUNWAY TG 150k 1.05
SUNWAY TG TE 150k 1.05

been validated by hystorical data on operating PV fields !

time in hours that one skilled technician take from when he is
ter cabinet with all tools, instruments and spare parts



Santerno: design vs field MTBF ¢, SANTERNO
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000 h
6718 h
6000 h
exp(- A *x) = 1- exp(-26718h/ 127000h) = 0,19

0000 h
26718 h
0000 h
exp(- A *x) = 1- exp(-26718h/ 150000h) = 0,16

onential distribution



http://en.wikipedia.org/wiki/Exponential_distribution

Santerno: Calls for inverters repair
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SunEdison: Call for inverter repairs
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SUNTERNO UPTIME - 1/3 z SANTERNO
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the field, skilled technicians in the field

ean Time To Repair: skilled technician )

667 Min = 111,12 h

98 %



SUNTERNO UPTIME — 2/3 %2 SANTERNO
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e field, 23 ours to arrive in the field

%




SANTERNO UPTIME — 3/3 ¢ SANTERNO
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s, 23 hours to arrive in the field




SANTERNO UPTIME — 3/3 ¢, SANTERNO
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Fault Rate & Uptime projection

> 8 plants in
Spain

[] Inverteryears

C D A-D Santerno

brands ]
Data from: Sunedison, Santerno
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