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Risk Mitigation

BANKABILITY
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Mitigation Measure Approach

BANKABILITY

List of 8 defined MMs, their mitigation factors and affected parameters

Component testing — PV

m—

number of failures

modules
- — : . .

o Preven‘“ve m eaS u reS Desgn .reV|ew + construction number of failures
monitoring
Quialification of EPC number of failures
Advanced monitoring system | time to detection
Basic monitoring system time to detection

) CO 'r eCt | Ve measures ’ Advanced inspection time to detection
Visual inspection time to detection
Spare part management time to repair/substitution
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Fact Sheets for Mitigation Measures

Nams Component Testing — PV modules. Freventive X
Cormective X
Short description
High-guslity photovoltsic modules are subject to 3 numbser of reguirements. First, they have to deliver the
guarantesed rated power relisbly, while withstanding an extremely wide ranges of environmental conditions. They
must also be safe and durable, ensuring the system high yield over the long- term pericd. However, with testing
actions the guslity of the modules can be fully certified.
Actions Short description Uncertainty | Cost
PID Testing PID refers to potentisl induced performance degradstion in Q.5 -1 €W
crystalline silicon photovoltsic modules. 1t occurs when the
module voltage potentizl and leskage current cause ion mobility
within the maodule. The degradation sccelerates with exposwre to
humidity, tempersture and voltage potentisl PID tests simulste
the practical conditions in the PV system, and verify the module
performance and powser cutput unfier high voltage.
Insulstion A typical module would have 3 structure of glass—EVA—csl- 0.2-0.7
messurement | EVA-tedlar back shest. Apparent physical deteriorstions of =W
maodules under long-term fieldexposure have besn obssrved.
This measurement ensures the gualty of the materials in order
to ensure the insulation of the module.
STC Power Messurements under standard test conditions for determining 1V 0.3-0.8
Messuwrements | and  electrical  output.  Messwremsnt  conditions  (STC): Sk
1000 Wim=, AM 1.5, 25°C.
EL Imaging Electroluminescence (EL) imaging is 3 guslity assessment tool 0.5 -1 EkW
for both crystalline silicon and thin film solar modules. Itis able of
sccurately detecting numerous failures and ageing effects e.g.
cracks and breskages, in some cases defective edge insulstion,
shunts atc.
IR inspection | The infrared imaging (IR} inspection of photovolsic systems 0.5 -1 EkW
sllows the detection of potentisl defects at the cell and module
level as wel as the detection of possible electrical
interconnection problems. The inspections are camied out wndsr
normal operating conditions and do not reguire 3 system shut
down.
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Mitigation Measure Approach

CPN,,, = CPN,,;; + Cost,,;;

SOLAR

CPN mit 1S the sum of the mitigated CPN costs

Cost mit &re the costs incurred for the mitigation measures.

CPNpic = Cdown,mit + Cfix,mit

Cdown,td,mit = - nfail/ncomp . ﬁ . ttd/tref +PL-M-PPA-Y
=a-f- Caown,td
Cfix,mit = @ Ngqj - [Cdet/mit + Crep/sub + Ctrans + (Clab* tfix)]
= a- Cfix
y
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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 Risk Mitigation Factor
Component testing — :

P g number of failures a
PV modules
Design review + construction .

o number of failures a
monitoring
Qualification of EPC number of failures a
Advanced monitoring system | time to detection |3
Basic monitoring system time to detection [3
Advanced inspection time to detection B
Visual inspection time to detection B
Spare part management time to repair/substitution Y
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Mitigation Measure Approach
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High 99.5 % Definition of impact classes with
respect to risk mitigation factor
Medium 50.0 % (RMF)
Low 25.0 %
No 0.0 %
Design Advanceq Basic Spare Par
Component Risk Componer| Review + | Qualificati Monitorin { Monitorin | Advanceq Visual | Managem
t Testing | constructiof on of EPq g system| g system|Inspectior|inspectior] ~ent
Modules Snall rack High ~ No No No No Medium - Medium  High
Modules Improperly installed No High Medium 'Low  No Medium  Medium  High
Modules Class 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 Hgh ~ High  Medum Medium High
Modules Module damaged due to fire No No No High ~ High  Medium Medium High
Modules Failure bypass diode and junction box Hgh  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 ‘
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Mitigation Measure Approach
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8 defined mitigation measures with medium, low and high cost scenarios

Component testing — 3 €/kWp 1 €/kWp 10 €/kWp
PV modules (0.15 €/kWplyear) (0.05 €/kWplyear) (0.5 €/kWplyear)
Design review + 20 €/kWp 10 €/kWp 40 €/kWp
construction monitoring (1 €/kWplyear) (0.5 €/kWplyear) (2 €/kWplyear)

Qualification of EPC 3 ElkWp 1 €hkwp 10 €/kWp:

Advanced monitoring

2 €/kWplyear 1 €/kWplyear 3 €/kWplyear

Basic Monitoring

o — 0.5 €/kWplyear 0 €/kWplyear 1 €/kWplyear
Advanced Inspection 2 €/kWplyear 1 €/kWplyear 3 €/kWplyear

Visual Inspection 1 €/kWplyear 0.5 €/kWplyear 2 €/kWplyear

Spare part 10 €/kWp 2 €/kWp 20 €/kWp
management (0.5 €/kWplyear) (0.1 €/kWplyear) (1 €/kWplyear) ‘
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Risk Reduction Example before Detection
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Input Data for Risk Reduction Example (PID)

PID 10% 20% 20% 5% 5% 0.10€/kWh

LOSS Scenario - PID

5€
O PID = Potential Ind uced
4E degradation
a W Mitigated PID with preventive
Mitigati
E 3£ igation
oy
w
=
E 2E
o
1€
. .

YearQ Yearl Year 2 Year3 Yeard Years

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




Impact of Applied Mitigation Measures
on and Ranking of CPN

Designreview + Advanced

BANKABILITY

Component construction Qualificationof monitoring Basic Monitoring Advanced Visual
testing i toring EFC system Ins pection Inspection

1 1] 1] ol 0 a 1 o
Modules - top 10 risks

Top 10 risks with
B CPN Best MM Combination and Without
mitigation measures

in CPN

CPN [€/kKWpfyear]
@

Defective Delamination Hotspot Soiling Shading Failure bypass Overheating
diode junction box

Improperly  Glass breakage PID = Potential
installed Induced backsheet

degradation

Inverter - top 10 risks

20

W CPN Reference without MM

-
in

B CPN Best MM Combination

CPN [€/kWp/vear]
-
[=]

o
in

Fan failure and Wrong Burned supply  Inverter not Faultdue to  DCentry fuse Error message Switch Polluted air Wrong
overheating installation cable and/or operating grounding failure failure/damage filter - derating connection
socket issues, e.g. high
humidity inside
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Impact of Applied Mitigation Measures
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New CPN results of mitigation measure combinations for different
cost scenarios compared to CPN without mitigation measures

Preventive measures (PMM) higher impact than corrective measures CMM
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Impact of Applied Mitigation Measures AR
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New CPN results of mitigation measure combinations of different
LOSS scenarios based on high PPA compared to CPN without MM

LOSS Scenarios - high PPA (0.25€/kWh]
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Impact of Applied Mitigation Measures AR
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New CPN results of mitigation measure combinations of different
LOSS scenarios based on low PPA compared to CPN without MM

LOSS Scenarios - low PPA (0.10€/kWh]
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To be concluded

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.
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