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ΣCPNs = ~ 120 Euros/kW/a

ΣCPNs = ~ XX Euros/kW/a

Who bears the cost?

Who bears the risk?

Risk Mitigation
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Mitigation Measure Approach  
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List of 8 defined MMs, their mitigation factors and affected parameters

Mitigation Measure Affected Parameter

Component testing – PV 

modules
number of failures

Design review + construction 

monitoring
number of failures

Qualification of EPC number of failures

Advanced monitoring system time to detection

Basic monitoring system time to detection

Advanced inspection time to detection

Visual inspection time to detection

Spare part management time to repair/substitution

• Preventive measures

• Corrective measures
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Fact Sheets for Mitigation Measures 
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Mitigation Measure Approach  
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𝐶𝑃𝑁𝑛𝑒𝑤 = 𝐶𝑃𝑁𝑚𝑖𝑡 + 𝐶𝑜𝑠𝑡𝑚𝑖𝑡

CPN mit is the sum of the mitigated CPN costs 

Cost mit are the costs incurred for the mitigation measures. 

𝐶𝑃𝑁𝑚𝑖𝑡 = 𝐶𝑑𝑜𝑤𝑛,𝑚𝑖𝑡 + 𝐶𝑓𝑖𝑥,𝑚𝑖𝑡

𝐶𝑑𝑜𝑤𝑛,𝑡𝑑,𝑚𝑖𝑡 = 𝛼 ⋅ 𝑛𝑓𝑎𝑖𝑙/𝑛𝑐𝑜𝑚𝑝 ⋅ 𝛽 ⋅ 𝑡𝑡𝑑/𝑡𝑟𝑒𝑓 ⋅ 𝑃𝐿 ⋅ 𝑀 ⋅ 𝑃𝑃𝐴 ⋅ 𝑌

= 𝛼 ⋅ 𝛽 ⋅ 𝐶𝑑𝑜𝑤𝑛,𝑡𝑑

𝐶𝑓𝑖𝑥,𝑚𝑖𝑡 = 𝛼 ⋅ 𝑛𝑓𝑎𝑖𝑙 ⋅ [𝐶𝑑𝑒𝑡/𝑚𝑖𝑡 + 𝐶𝑟𝑒𝑝/𝑠𝑢𝑏 + 𝐶𝑡𝑟𝑎𝑛𝑠 + (𝐶𝑙𝑎𝑏∗ 𝑡𝑓𝑖𝑥)]

= 𝛼 ⋅ 𝐶𝑓𝑖𝑥
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List of 8 defined MMs, their mitigation factors and affected parameters

Mitigation Measure Affected Parameter Risk Mitigation Factor

Component testing –

PV modules
number of failures α

Design review + construction 

monitoring
number of failures α

Qualification of EPC number of failures α

Advanced monitoring system time to detection β

Basic monitoring system time to detection β

Advanced inspection time to detection β

Visual inspection time to detection β

Spare part management time to repair/substitution γ
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Impact Classes RMF (α,β,γ)

High 99.5 %

Medium 50.0 %

Low 25.0 %

No 0.0 %

Component Risk

Modules Snail track High No No No No Medium Medium High

Modules Improperly installed No High Medium Low No Medium Medium High

Modules Glass breakage Medium Medium Low No No Medium Medium High

Modules Broken module No High Medium Medium No Medium Medium High

Modules Theft of modules No No No High High Medium Medium High

Modules Module damaged due to fire No No No High High Medium Medium High

Modules Failure bypass diode and junction box High No No High Medium Medium Medium High

Modules Shading No Low No High Medium Medium Medium No

Modules Soiling No No No High Medium Medium Medium No

Modules Cell cracks High Low No No No Medium No High

Modules Delamination Low No No No No Medium No High

Modules Defective backsheet High No No No No Medium Medium High

Modules Hotspot High No No No No Medium No High

Modules Missing modules No High Medium High No Medium Medium High

Modules EVA discoloration High No No No No Medium Medium High

Modules Corrosion in the junction box High No No No No Medium Medium High

Modules Corrosion of cell connectors High No No No No Medium Medium High

Modules Overheating junction box High No No No No Medium No High

Modules PID = Potential Induced degradation High No No No No Medium No High

Inverter Wrong installation No High Medium Medium No Medium Medium High

Inverter Inverter not operating (inverter failure or don't working after grid fault)No No No High Medium Medium Medium High

Inverter Wrong connection (positioning and numbering) No High Medium No No Medium Medium High

Inverter Inverter theft or vandalism No No No High Medium Medium Medium High

Inverter Inverter pollution No No No No No Medium Medium High

Inverter Burned supply cable and/or socket No No No High Medium Medium Medium High

Inverter Display off (broken or moisture inside of it) No No No No No Medium Medium High

Inverter Fault due to grounding issues, e.g. high humidity insideNo High Medium High Medium Medium Medium High

Inverter Inverter firmware issue  No No No No No Medium Medium High

Inverter Data entry broken No No No No No Medium Medium High

Inverter Slow reaction time for warranty claims, Vague or inappropriate definition of procedure for warranty claimsNo No No No No Medium No High

Inverter Fan failure and overheating No Medium Medium High Medium Medium Medium High

Inverter Switch failure/damage   No High Medium High Medium Medium Medium High

Inverter DC entry fuse failure  causing or caused by array disconnectionNo No No High Medium Medium Medium High

Inverter Inverter damage due to lightning strike No High Medium High Medium Medium Medium High

Inverter Inverter wrongly sized No High Medium Medium No Medium Medium High

Inverter Error message No No No High Medium Medium Medium High

Inverter Polluted air filter - derating No No No High Medium Medium Medium High

Mounting structure Not proper installation No High Medium Medium No Medium Medium High

Mounting structure Wind damage No No No No No Medium Medium High

Mounting structure Tracker failure No Low No High Medium Medium Medium High

Mounting structure Corrosion No Low No No No Medium Medium High

Mounting structure Disallignment caused by ground instability No Medium Low No No Medium Medium High

Mounting structure Tracker maintenance No No No No No Medium Medium High

Mounting structure Oil leakage No Low No No No Medium Medium High

Mounting structure Corrosion of module clamps No Medium Low No No Medium Medium High

Connection & Distribution boxesIncorrect installation No High Medium No No Medium Medium High

Connection & Distribution boxesMain switch open and does not reclose again automaticallyNo No No High Medium Medium Medium High

Connection & Distribution boxesIP failure No High Medium No No Medium Medium High

Connection & Distribution boxesBroken/Wrong general switch No High Medium High Medium Medium Medium High

Connection & Distribution boxesGeneral switch off No No No High Medium Medium Medium High

Connection & Distribution boxesWrong wiring No High Medium No No Medium Medium High

Connection & Distribution boxesCable gland missing or not installed correctly No High Medium No No Medium Medium High

Connection & Distribution boxesMissing protection No High Medium No No Medium Medium High

Connection & Distribution boxesBroken, missing  or corroded cover No High Medium No No Medium Medium High

Connection & Distribution boxesOvercurrent protection not correctly sized No High Medium No No Medium Medium High

Connection & Distribution boxesUPS off/broken No No No No No Medium Medium High

Connection & Distribution boxesWrong/Missing labeling No High Medium No No Medium Medium High

Cabling improper installation No High Medium No No Medium Medium High

Cabling Wrong/Absent cables connection No High Medium High Medium Medium Medium High

Cabling Broken/Burned connectors No Low No High Medium Medium Medium High

Cabling Wrong/absent cables No High Medium High Medium Medium Medium High

Cabling Damaged cable No No No High Medium Medium Medium High

Cabling Broken cable ties No High Medium No No Medium Medium High

Cabling Conduit failure No Medium Low No No Medium Medium High

Cabling Wrong connection, isolation and/or setting of stringsNo High Medium High Medium Medium Medium High

Cabling UV Aging No High Medium No No Medium Medium High

Cabling Cables undersized No High Medium No No Medium Medium No

Cabling Wrong wiring No High Medium No No Medium Medium High

Cabling Theft cables No No Low High Medium Medium Medium High

Transformer station & MV/HV Improper / Inadequate  installation No High Medium No No Medium Medium High

Transformer station & MV/HV Broken transformer No No Low High High Medium Medium No

Transformer station & MV/HV Wrong transformer configuration No No Low High Medium Medium Medium No
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8 defined mitigation measures with medium, low and high cost scenarios

Mitigation measure

Defined costs

Scenario 1

(medium costs)

Defined costs

Scenario 2

(low costs)

Defined costs

Scenario 3

(high costs)

Component testing –

PV modules

3 €/kWp

(0.15 €/kWp/year)

1 €/kWp

(0.05 €/kWp/year)

10 €/kWp

(0.5 €/kWp/year)

Design review + 

construction monitoring

20 €/kWp

(1 €/kWp/year)

10 €/kWp

(0.5 €/kWp/year)

40 €/kWp

(2 €/kWp/year)

Qualification of EPC
3 €/kWp

(0.15 €/kWp/year)

1 €/kWp

(0.05 €/kWp/year)

10 €/kWp

(0.5 €/kWp/year)

Advanced monitoring 

system
2 €/kWp/year 1 €/kWp/year 3 €/kWp/year

Basic Monitoring 

system
0.5 €/kWp/year 0 €/kWp/year 1 €/kWp/year

Advanced Inspection 2 €/kWp/year 1 €/kWp/year 3 €/kWp/year

Visual Inspection 1 €/kWp/year 0.5 €/kWp/year 2 €/kWp/year

Spare part 

management

10 €/kWp

(0.5 €/kWp/year)

2 €/kWp

(0.1 €/kWp/year)

20 €/kWp

(1 €/kWp/year)



Risk Reduction Example before Detection
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Input Data for Risk Reduction Example (PID)

Risk

Failure Rate 

plants

Failure Rate 

components

Initial 

Power Loss

Power 

Degradation 

rate

Occurrence 

degradation 

rate

PPA

PID 10% 20% 20% 5% 5% 0.10€/kWh

Risk
Mitigation

Mitigation cost 

(year 0)

Risk after 5 

years

Reduced risk 

after 5 years

Savings after 

5 years

PID PID Test 0.6 €/kWp 7.35 €/kWp 1.35 €/kWp 6.00 €/kWp



Impact of Applied Mitigation Measures 

on and Ranking of CPN
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Top 10 risks with 

and without 

mitigation measures 

in CPN
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New CPN results of mitigation measure combinations for different 

cost scenarios compared to CPN without mitigation measures 

Qualif. EPC+CMM

Design rev.+CMM

Design rev+qualif EPC

+CMM

Comp. Test+CMM

Comp test+EPC+CMM

Comp test+design rev.+CMM

Comp test+design rev.+qualif EPC

+CMM

No PMM

Preventive measures (PMM) higher impact than corrective measures CMM
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New CPN results of mitigation measure combinations of different 

LOSS scenarios based on high PPA compared to CPN without MM



Impact of Applied Mitigation Measures

• Solar Bankability Final Workshop 1408.02.17

New CPN results of mitigation measure combinations of different 

LOSS scenarios based on low PPA compared to CPN without MM
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1. Mitigation measures have been identified along the value chain and 

assigned to various technical risks.

2. In this project we have aimed to evaluate the effectiveness of 

mitigation measures into the framework for the assessment of the 

economic impact of technical risk. 

3. The overall methodology was created to allow the estimation of the 

economic impact of failures on the levelized cost of electricity (LCOE) 

and on business models of PV projects.

08.02.17

To be concluded
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