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Why PV connectors/ cabling
are systematically relevant

Small components. Big impact.

PV Magazine Webinar — June 5" 2018 — Best Practices from Industry Leaders
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STAUBLI ELECTRICAL CONNECTORS — YOUR BANKABLE PARTNER SrausLr

Staubli Group — three activities, for divisions

125 years 5000 employees 200 GW
experience in 29 countries connected

Connectors

Huid Connectors
Electrical Connectors

Formerly: (Mutti-Contact -
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PROJECT BANKABILITY - FIELD DATA

Failures and their financial impact

Failure Patterns Exist Among Solar Assets

SrausLr

Module and cable defects were prominent in 2016...
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...and continued in 2017
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Source: GTM Research, EC
Trends in European Solar and Wind Asset Management gtmresearch
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PROJECT BANKABILITY - FIELD DATA

Failures and their financial impact

Solar Bankability project by European Commission’s Horizon 2020
Common practice for risk assessment to reduce risks for investments in PV projects

Top 20 technical failures
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INVERTER NOT OPERATING/FAILURE AFTER GRID FAULT - €0.67

FMEA CPN (cost priority number)

ERROR MESSAGE | €0.17 "

POTENTIAL INDUCED DEGRADATION I €0.21

MAIN SWITCH OPEN & DOES NOT RECLOSE AUTOMATICALLY [ €0.22 -

GLASS BREAKAGE I €0.27
TRACKER FAILURE . €0.31
BROKEN MODULE . €0.34
WRONG/ABSENT CABLES . €0.36
IMPROPER INSTALLATION . €045
BURNT SUPPLY CABLE OR SOCKET - €0.60

BROKEN TRANSFORMER [ € 0.66

SHADING €0.68
L N

DAMAGED cABLE [l €0.69
IMPROPER INSTALLATION [l € 0.69

->

IMPROPER/INADEQUATE INSTALLATION [l € 0.71
soiLng [ co0.95
FAN FAILURE & OVERHEATING [ € 1.47

WRONG INSTALLATION [ < 1.35

BROKEN/BURNT coNNECTORS [ < 257
wronNac/ABSENT cABLE conNEcTiON [ <: o3

- € €10 €2.0 €3.0 €4.0 €5.0
€/kWp/year loss due to the failure
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SrausLr

Cost Priority Number (CPN) = cost-based Failure Mode
and Effects Analysis

Indication of the economic risk (in average) of a specific
technical risk

Method was applied to a database of over one million
documented failure claims (empirical and statistical)

Technical failures/ risks and their economic impact due
downtime and/or power loss & repair/substitution costs

Findings

Risk mitigation measures: minimize LCOE by optimizing
balance between CAPEX and OPEX

Connectors/ cabling with huge financial impact
(€/kWplyear loss due to the failure)




PROJECT BANKABILITY - CONTACT RESISTANCE SrausLr

Why connectors can have a big impact?

Inverter ———————— 1 ‘II Battery
°Q| Grid

Consequences:

e

AN

=)

5 High risk for (partial) connector failures
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Performance losses, higher PPM-rates and
downtimes of modules, strings or plants

Higher / Increasing

temperature contact
& power loss resistance

=

High service/maintenance and spare part
costs for repairing

0
(x) () () (O)

Power

Hotspots and fire in PV system and

Contact resistance reconstruction costs

®

Higher Higher
contact temperature High costs for legal disputes due to
resistance & power loss undefined liabilities

Key for long-term reliability and efficiency = Constant low contact resistance
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PROJECT BANKABILITY SrausLr

Impact on LCOE (Levelized Cost of Electricity)

spare parts costs costs due fire

—

6 0,001 % &

service hours restruction legal costs
Optimized CAPEX + Minimized OPEX

0,003%

Connestors 0 j Higher Energy Yield
\__/

For
Cabling

lost kWh lost kWh
contact resistance downtime

Total \
initial —— ‘lEi!<1%b

cost

Conception Construction Operation
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PROJECT BANKABILITY SrausLr

Connectors/ cabling — 3 main risk sources
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PROJECT BANKABILITY SrausLr

Connectors/ cabling — 3 main risk sources
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PROJECT BANKABILITY SrausLr

Connectors/ cabling — 3 main risk sources
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FAST MOVING TECHNOLOGY ,A UBLI

Olivier E. Haldi
Global Business Development Photovoltaics and Alternative Energies

Mail: o.haldi@staubli.com
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