Diagnostics of photovoltaic power plants
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Very fast development of Photovoltaics in the past decade
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2004 - 1GW, installed in EU

2006 - 3 GW, installed in EU

2010-29 GW,, installed in EU
2011 - 50 GW,, installed in EU
2012 — 63 GW, installed in EU



In the end of 2012 was installed in the World 102 GWp
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PV Power Station
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Central inverters

10 kW-250kW, three-
phase, several strings in

parallel

PV Systems Configurations
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String (Multi)inverters

1.5-5 kW, typical residential
application

 Each string has its own inverter

» High efficiency, low cost, enapling better MPPT

low reliability, not optimal

MPPT

*Used for power plants

e The strings can have different
orientations

*Three-phase inverters for power <
5kwW
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Module inverters

*50-180W, each panel has
its own inverter enabling
optimal MPPT

 Lower efficiency, difficult
maintenance

*Highercost/kWp



Technical Description of a photovoltaic power plant

*PV modules

e supporting structure
e Inverter(s)

— central

— decentral
e switchboards

o transformer for a conversion to a high voltage
output



Tens of millions of PV modules
installed
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35 MW, power station in Veprek (20 km from Prague)

* 186 960 panels rated at 185W,, and 190W, each (Phonosolar)

« 3300 SMA 10 kW and 11 KW inverters using a (multi)string
configuration

e 26 transformers from 0.4kV to 22kV

« 1 transformer connects the total generated power to the 110 kV high
voltage power line



The procedure for detection and removal of
operational failures

e fault in a PV module

 fault in interconnection (connectors / cables /
switchboard)

e fault in Inverter (monitoring system)



A) Data collection system

* shows the performance of all inverters
e the problem is localized if a power loss appears on one inverter (relative

to an average performance of all of the inverters)

e Comparison of normalized inverter yields for 23.11.2009 brings
following detailed data:

— Inverter 2000760653’
SN: 2000760653
Generator: 11,9 kWp
Total yield: 20,97 KkWh
Specific yield: 1,76 kWh/kWp
deviation >8% (8,7%)



The exact localization of a problem could be found under ,,Plant
Logbook* on ,,Sunny Portal* (www.sunnyportal.com)

lT_rh Plant selection > Plant Logbook iy
"\ FYE CZECH - Smirice I Go ko: Status: Plant/Devices: Number per Page:

=
Plant Profile 30/05/2010 not confirmed v El v 20 v
Energy and Power Type:
el @I D Cinfo Warning Failure Etror
Plant Monitoring (b
4 [
Plant Logbook: 152
Plant/Devices Time Type Description Confirmed
(| .
MM visualization w
O 2000760007 30/05/2010 11:30:42 Warning Warken {Iso-resistance ;‘g
Prehled solarniho systému O 2000760007 30/05/2010 06:30:17 Warning Warten {Iso-resistance 4
Energie a vitkon O FVE CZECH - Smirice T 29105/2010 15:04:26 Warning Yield dewiation from inverter comparison Inverter ... 3.5
Mormovany wynos systému O FYE CZECH - Smirice T 29/05/2010 15:04:16 Warning Yield dewiation from inverter comparison Inverter ... &
Energie a vykon_1 O FVE CZECH - Smirice T 29i05/2010 15:04:17 Warning Yield dewiation From inverter comparison Inverter ... S.S
Energie a vikon_2 FYE CZECH - Smirice I 29/05/2010 15:04:13 Warnin Yield d *
2 ) g 105} " Vield devigtion from inwerter comparison Inverter 'Z000760568, SM: X
> Repart (3) FYE CZECH - Smirice T 20/05/2010 1504111 Warnin Vield df ‘2000760568, total vield 45.9 kWh, speciic vield 3.9 kwhjkwip, devistion >
o Mo g 25.9% (>8%) compared to the average of monitored inverters (5.2 kWhikivp x
* Sensors (4) O FVE CZECH - Smirice T 791052010 15:04:02 Warning Yield de 0N 28.5.2010), ®
> Devices (547) O FVE CZECH - Smirice T 29/05)2010 15:04:01 Warning Yield deviation from inverker comparison Inverter ... x
# Configuration s O FVE CZECH - Smirice T 29/05/2010 15:03:53 Warning Yield dewviation From inverter comparisan Inverter ... b 4
O FYE CZECH - Smirice T 29/05)2010 15:05:51 Warning Yield dewiation from inverter comparisan Inverter ... s.s
1’ User Information/Logout > O FVE CZECH - Smirice T 29i05/2010 15:03:37 Warning Yield deviation From inverter comparison Inverter ... }.g
O FYE CZECH - Smirice T 29/05/2010 15:05:35 Warning Yield dewiation from inverter comparisan Inverter ... S.&
O FVE CZECH - Smirice T 29i05/2010 15:03:33 Warning Yield deviation From inverter comparison Inverter ... ).g
O FVE CZECH - Smirice T 29/05/2010 15:05:32 Warning Yield dewiation From inverter comparison Inverter ... S.S
O FVE CZECH - Smirice T 29i05/2010 15:03:31 Warning Yield dewiation From inverter comparison Inverter ... }.g
O 2000760082 29/05/2010 14:30:46 Warning Netzusb, jGrid voltage L1 ;‘g
O 2000760676 29/05/2010 14:30:35 Warning MPP [Grid volkage L1 ®
O 2000780090 29105/2010 14:30:26 Warning Warten jarid voltage L1 3.5
2000759900 29/05/2010 14:30:10 Warning Metzueb, (Grid volkage L1
b, fGrid vol -
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B) visual checking the corresponding PV string

 disconnection of the module, missing or broken module, by obstruction
that shades a module, melted or burned junction box, etc.

C) checking the switchboard

» follows (broken fuses or disconnected breakers, destroyed over voltage
protections)

D) checking the faulty string

* should be done and voltage measurement conducted

» to localize a faulty connector, it is necessary to measure the modules as
pairs



E) check the temperature distribution

e under load over the modules can be evaluated using IR camera

» "Hot spot” appears together with the presence of local shading or when a
single cell is cracked/damaged

Problematic parts of the PV system can be detected
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F) checking the |-V characteristic (in field)

Information Parameter

Overall

Date Time : 2011-10-31 13:02:14

Select:C W O P &V P Curve - * |V Vi

3,663 A 107,9 W

0.000 A 0.000 W
02711V 40,76V

Present Sample <| 22 sample : | IR

Vopen:| 40,78 | V
Ishort:| 3,664 | A
Pmax:| 107,9 | W
Vmaxp:| 3400 |V
imaxp:| 3,475 | A
EFF:[ 0,107 | %
FF:| 0,722

2011-10-31 16:03:33




F) checking the |-V characteristic

current (A)
current (A)
ra

.
A} voltage (V) B) voltage (V)
A) Common I-V curve characteristics B) Increased series resistance
_ i z
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C} voltage (V) D} _ voltage (V)
_ D) Interrupted chain of cells or
C) Cracked or partially shaded cell

completely shaded cell



Changing defect parts Electroluminisce

In the case of modules may
be done more detail analyses
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Conclusions

During PV power plant operation, faults decreasing the
total power output of the power plant may arise.

It can either be a fault in a PV module, failure in a

connection (connectors/cables/switchboard) or a failure
In an inverter.

The Inverters are equipped with a monitoring system that
observes the operating parameters, inputs and output and
IS able to i1dentify most of the error states.

The i1dentification and removal of the fault should be
carried out in a shortest possible time in order to
minimize losses in energy production.
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