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IEA PVPS TCP in a nutshell jG‘-_

PVPS

» 32 members - 27 countries covering 5 continents,
European Commission, 4 associations

* A truly global and unbiased network of PV expertise
* Representing main stakeholders in R&D, industry, implementation and policy

» Covering a large majority of worldwide production, applications and markets

» Mission: “To enhance the international collaborative efforts which facilitate the
role of photovoltaic solar energy as a cornerstone in the transition to sustainable
energy systems”
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8 Active PVPS Tasks... :(;‘I‘

PVPS

Task 1
Task 12
Task 13
Task 14
Task 15
Task 16
Task 17
Task 18

Strategic PV Analysis and Outreach

PV Sustainability

Performance, Operation and Reliability of Photovoltaic Systems
Solar PV in the 100% RES Power System

Enabling Framework for the Acceleration of BIPV

Solar Resource for High Penetration and Large-Scale Applications
PV and Transport (new 2018)

Off-Grid and Edge-of-Grid Photovoltaic Systems (new 2019)



+ v performance Task 13: 2010-2014

* PV performance + Performance and
figures reliability of
components

+ Testing and standards | * Economical aspects
and business models

+ Yield prediction &

o + New module and
uncertainties

system designs Task 13: 2022-2025

+ Failure detection and

L + Field testing
statistics

+ New materials &
+ O&M practice applications (IPV)
+ Risk assessment& |+ Digitalization

mitigation + Climate/environment
specific design/testing

+ Techno-Economic key
performance indicators

+ Second Life PV
+ PV & storage
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1. Quality assurance

« Climatic energy rating of PV modules
» PV system qualification

2. Durability

* PV module and system failures
 Technical risks in PV systems

3. Integration of PV in different environments

PVPS



1. Climatic Energy Rating of PV Modules :(;‘I‘
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1. Climatic Energy Rating of PV Modules :(;‘I‘

The climatic energy rating of a PV module is described by the dimensionless parameter
"Climate Specific Energy Rating (CSER)“, which can be interpreted as PV module
performance ratio (MPR).

Calculated energy yield of the PV * Epop, vear = Calculated
module for a specific climate and energy output [kWhlyear]
for specific mounting conditions * Hp yea = Global in-plane
CSER = _ Emop,year/Hpyear irradiation [kWh/mz2/year]
Theoretical energy yield assuming Puaxsrc/Grer stc * Puaxstc = Nominal output
continuous operation at STC power of PV module [W]
efficiency * Gger.stc = 1000 W/m?2

CSER <1: Energy vyield losses compared to operation at STC efficiency
CSER =1: Operational efficiency of the PV module conforms to its STC efficiency
CSER >1: Energy yield gains compared to operation at STC efficiency

PVPS



1. Energy Rating Methodology of IEC 61853 Series :Ci‘I‘

IEC 61853-1 (2011) Angular

: : Power matrix
Photovoltaic (PV) module performance testing and energy (IEC 61853-1) Response
rating — Part 1: Irradiance and temperature performance (IEC 61853-2)
measurements and power rating

CSER
IEC 61853-2 (2016) (IEC 61853-3)
Photovoltaic (PV) module performance testing and energy
rating — Part 2: Spectral Response, Incidence Angle and Climatic Data opeciral
Module Operating Temperature Measurements OG- (IEC 60904-7)

IEC 61853-3 (2018)

] ) Spectral
Photovoltaic (PV) module performance testing and energy  RellElbi iy Responsivity

(IEC 60904-3) (IEC 61853-2)

rating — Part 3: Energy Rating of PV Modules

IEC 61853-4 (2018)
Photovoltaic (PV) module performance testing and energy
rating — Part 4: Standard reference climatic profiles

PVPS



IEC 61853 series “Photovoltaic (PV) module performance testing and energy
rating”: Results from indoor and outdoor measurements are used in a time-step
simulation with tabulated climate data sets (hourly values).

Sandia PV Array Performance Model (SAPM): Alternative procedure for energy
yield modelling. Algorithm defines equations for I-V curve parameters Isc, Imp, Vmp
and Voc. Outdoor measurements are used to calibrate the modelling parameters.

ISE Model: Alternative procedure for energy yield modelling. Modelling is based on
historical meteorological data and information from the PV module datasheet.

TUV Rheinland Linear Performance Loss Analysis (LPLA): No energy yield
modelling, but irradiance weighting of PV energy yield performance indicators.
Breakdown of performance losses into thermal, spectral, angular and electrical.



1. Linear Performance Loss Analysis (LPLA)

PV module performance ratio (MPR)

PVPS
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MPR depends on:

* Temperature (Temp)

* Low irradiance ( )
* Mismatch factor (MMF)
« Angle of Incidence (AOI)
* Soiling (Soil)

MPR provides:

+ a realistic estimate of the
performance of a PV specific
technology at various climate
conditions

* estimates of various PV
technologies at a specifie:
climate zone



1. Summary (gm

Technology Collaboration Programme
oylea

Results have been published in an IEA report: .
L s e

IEA-PVPS T13-20:2020 T .

e 25 Authors from 12 countries | = i

e 166 Pages

e 86 Figures

e 21 Tables

e 183 References

Climatic Rating of Photovoltaic
Modules:

Different Technologies for
Various Operating Conditions

2020

Free download:

https://iea-pvps.org/key-topics/climatic-rating-
of-photovoltaic-modules/

Report IEAPVPS T13.20:2020
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1. Benefits of On-Site Inspection :('i‘I‘

Particular strength:
* Inspection is performed

without dismantling and ->
tion Techniques

Shlpplng the PV mOduleS Analysis of

Monitoring Data

to a test laboratory =
y e BENEFIT:
i Nobe st : .> § e
PV ARRAY Equipment » Trouble-Shooting

. . Imaging Techni- & Warranty Claims

Avoid transport risks and it
. Visual Inspection of
a long downtime of the Sop
PV system
* Results are available Dk oL

immediately

« Targeted quality assurance = Choose combination of suitable inspection methods

> W. Herrmann; G. Eder; B. Farnung; G. Friesen; M. Kéntges; B. Kubicek; O. Kunz; L. Haitao; D. Parlevliet; I. Tsanakas; and J. Vedde. “Qualification of Photovoltaic Power Plants using Mobile Test 13
n_ Equipment”. Report I[EA-PVPS T13-24:2021. ISBN 978-3-907281-12-3.



1. Benefits of On-Site Inspection

Range of detectable failures with mobile test equipment:

PV string
level

[
>
9
9
-
-
o
£
>
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1. Electrical Inspection Methods & Detectable Failures ~(';.
s “

Daylight I-V measurement of PV
les

strings and PV modu

Output power degradation
Cabling issues

DC wiring losses

Shading and soiling effects
Electrical mismatch of PV
strings

Bypass diode failures

PID / LeTID on PV string level

Dark I-V measurement of PV strings and

PV modules

LT Cr T T Tt TLTHTTTIY

v LT ® jii @ g
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(4 I - AR <
. AR
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PVPS

DC wiring losses
Electrical mismatch of PV
strings

Bypass diode failures
PID on PV string level

PV module characterization with

mobile PV test centre

Output power degradation
Resistive losses

Cell cracks

Interruptions in the cell
interconnection circuit
Bypass diode failures
Induced degradation (PID,
LeTID)

PV plant testing vehicle for PV strings

W. Herrmann; G. Eder; B. Farnung; G. Friesen; M. Kontges; B. Kubicek; O. Kunz; L. Haitao; D. Parlevliet; |. Tsanakas; and J. Vedde. “Qualification of Photovoltaic Power Plants using Mobile Test
Equipment”. Report I[EA-PVPS T13-24:2021. ISBN 978-3-907281-12-3.

Performance ratio (PR) of

PV power plant

DC wiring losses

Inverter efficiency losses
Shading effects during the day
Soiling & snow coverage effects
Electrical mismatch of PV
strings

15



1. PV module characterization with mobile test centre:('i.‘
A

PVPS

* PV modules to be dismantled, but still short downtime of the PV system

W. Herrmann; G. Eder; B. Farnung; G. Friesen; M. Kontges; B. Kubicek; O. Kunz; L. Haitao; D. Parlevliet; |. Tsanakas; and J. Vedde. “Qualification of Photovoltaic Power Plants using Mobile Test

Equipment”. Report IEA-PVPS T13-24:2021. ISBN 978-3-907281-12-3.

Inspection range:

* |-V curve measurement @1000 W/m?2
with solar simulator

» EL inspection

* IR inspection

» Dry/wet insulation test

» Bypass diode test

Detectable failures:

» Output power degradation (i.e. PID, LeTID)

« EL imaging: Cell cracks, interruptions in the
cell interconnection circuit

* IR imaging: Heat generation due to high
contact resistance

» Bypass diode failure

* Insulation resistance failure

16




Manufacturers of Mobile Test Centres state a measurement uncertainty
of uk=2] = £3-5% for the measurement of P, . Of crystalline silicon

Contributions Example of P, ;. uncertainty of an 1SO Typical P, ;. uncertainty in the field
17025 accredited test laboratory with a mobile test centre

Temperature uncertainties

0.5-1°C (IR sensor)

Temperature sensor 0.18°C (RTD)
Temperature stability 0.5°C (climatised dark room) 1-2°C

Temperature non-uniformity 0.5°C (climatised dark room) 1-2°C

Irradiance uncertainties

(@ [le]Clilela WIS CIT-pleRe [SVI[<M 0.5% (primary ref cell) 2-3% (secondary calibration of ref. module)
Spatial non-uniformity 1% (class A+) 1-2%
Spectral mismatch 0.5% (spectral MM correction) 0.5-3%

Combined expanded Pmax o o
uncertainty (k=2, >95%) £1.6% 12.7-4.8%



1. Imaging Techniques & Detectable Failures

Drone-mounted electroluminescence &

thermal infrared imaging

of PV arrays

Cabling issues

Combiner box issues

Cell cracks

Bypass diode failures
Interruptions in the cell
interconnection circuit
Induced degradation (PID,
LeTID)

Daylight electroluminescence imaging

PVPS

Cell cracks

Interruptions in the cell
interconnection circuit
Cabling issues

Combiner box issues
Induced degradation (PID,
LeTID)

Bypass diode failures

‘%

UV fluorescence imaging

Cell cracks

Distinction between older and
younger cell cracks
Differentiation of used
encapsulation and backsheet
materials

Advanced outdoor photoluminescence

imaging of PV modules

S

Cell cracks

Interruptions in the cell
interconnection circuit
Induced degradation (PID,
LeTID)

Bypass diode failures

W. Herrmann; G. Eder; B. Farnung; G. Friesen; M. Kéntges; B. Kubicek; O. Kunz; L. Haitao; D. Parlevliet; I. Tsanakas; and J. Vedde. “Qualification of Photovoltaic Power Plants using Mobile Test 18
Equipment”. Report IEA-PVPS T13-24:2021. ISBN 978-3-907281-12-3.



Non-destructive material analysis without Raman spectroscopy

dismounting PV modules

Intensity [a

Identify the polymeric compounds of PV
modules (encapsulants, backsheets)

“w PPF: PET |

L AAA:PA

NIR and Raman spectroscopy: ldentify
the encapsulant in the PV module

__Raman Sht/cm-1

FTIR spectroscopy: Identify the

polymeric backsheet, detect surface
degradation effects (e.g. oxidation,

hydrolysis) Detectable failures:

_ _ » Polymer degradation
NIR spe_gtroscopy: De_termlne the entire | . pifferentiation between different types of
composition of the multilayer backsheet encapsulation and backsheet materials

composite



Application
: Ambient : Electr.|cal
: : : Inspection focus : disconnection of PV
Primary inspection method requirement :
string or PV module
pvstring| PV Day="f = INight="1 e NO
module time time
Daylight I-V measurement X X X X
Dark I-V measurement X X X
PV plant testing vehicle X X X
Electrical impedance spectroscopy X X X
Thermal infrared imaging?! X X X X
Nighttime electroluminescence imaging?! X X X X
Daylight electroluminescence imaging X X X X X
UV Fluorescence imaging X X X X
Outdoor photoluminescence imaging X X X
Spectroscopic methods for polymeric materials X X X X

1) Partially covered in this report in chapter “Drone-mounted EL & IR inspection”. For more details see:



1
1. Conclusions e
Caa

Quality assurance to increase lifetime and reliability

 Many degradation modes are directly linked to polymer degradation and
material interactions with polymer components.

« Testing of new materials, encapsulants and PV modules!
PV modules and systems designed for specific environmental conditions
* Increasing recyclability and reparability of PV modules (Gernot Oreski’s talk)

* Deployment and validation of field inspection tools for all emerging PV
applications.

PVPS
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2. Durability: Failure Scenarios of c-Si PV Modules

P %
ower [%] EVA discoloring

>

LID 0.5-5%

Glass AR deg.

Delamination, cracked cell isolation

Pnominal

Diode failure |
Cell interconnect breakage

Contact failure j-box/
string interconnect
Glass breakage
Loose frame

+T-- Auesiepn -

<3%
<10%

Corrosion of

cell & interconnect

Failure Rate

Infant-failure Midlife-failure

Module lamination
A Component selection

Mostly avoidable: Extensive R&D,
quality and reliability testing needed

PVPS

- > Time
Wear-out-failure

Material degradation

: Lifetime

Kontges et al. (2014) IEA-PVPS Task 13 Report on
“Review of Failures of Photovoltaic Modules”

Can be delayed to some extent

with proper stabilization
22
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2. PV Failure Fact Sheets (PVFS) :('i‘I‘
Aim
Brief description of failures with examples, an estimation of risks and suggestions for
mitigation measures.
Target audience

PV planners, installers, investors, independent experts and insurance companies.
Approach
Summarise the key aspects described in IEA PVPS Task 13 technical reports.

Assessment of Photovoltaic Module
Review of Failures of Failures in the Field
Photovoltaic Modules »
Q;I"hllk.. l| ! BI
; :
i"l T b e B

Qualification of
Photovoltaic (PV)
Power Plants using
Mobile Test Equipment
2021

e 23
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2. PVES S

tructure

COMPONENT

DEFECT

APPEARANCE

DETECTION

ORIGIN

IMPACT

MITIGATION

vV VYV Vv ¥V VY V¥V V VY

EXAMPLES

PVPS

Component  Module PVES 1-3
Defect Front delamination s
Appeatance | Any local ssparation of the layars batwaen (i) the front glass and the encapsulant or (i) the

Detection

cell and the encapsulant, visible as bubbles or as bright, milky area/s. |t may appear continu-
ous or in spots. The position and size af the delamination or bubbie depends on the origin and
progress of the fallure.

Wi, (INS)

Origin

Impact

The adhesion between the glass, encapsulant, active layers, and back layers can be compro-
mised for many reasons. Typically, it is caused by the manufacturing process (e.g. poor cross.
linking of EVA, toa short lamination times, too high pressure in the laminator, contaminations,
improper cleaning of the glass, incompatibility of EVA with soldering flux, inadequate storage.
of the raw malerial) or environmental factors (e.g. thermal stresses, extemal mechanical
stresses, UV). Delamination is generally followed by moisiure ingress and corrasion. It Is
therefore more frequent and severe under hot and humid conditions.

Examples.
13

Encapsulant delamination in un-
critical position. [SUPSI]

| Encapsulant delamination from | Encapsulant delamination from

el caused by production pro- | cell along grid fingers and bus
cess. [SUPSI] (28

Production [l Operation I

or bubbles do not pose a safely issue, but they can result in re-
duned insulation of the component and increased safaty risk when they form a continuous
path between slectric circuit and the edge dus to possible water ingress. Maisture in the mod-
ule will decrease performance due to an increase of series resistance, affect long term relia-
bility and in some cases alsa the structural integrity of the module. Moreover, delamination at
interfaces in the optical path will result in additional optical reflection and subsequent decrease
current. This can be the origin of current mismatch. If the mismatch is significant, it will
trigger the bypass diode and cause further power loss. The inverter might also shut down due
10 leakage current’s leading to a further per . Mant
issues often affects a relevant percentage of modules vithin the same production batch and
cansequentially has a big impact on system performance.

Installation []

EXAMPLES (page2) PVFS 1-3vs.01
Examples
10-12
I
| Encapsulant delamination along | Encapsulant delamination of from
lﬂ sy ders. [37] | a bus-bar in & cell closs to the | glass (spotted due to glass tex-
i prdyisg el oy
ey B0 [0— (@
Examples.
1315

Encapsulant delamination from
glass (spotted due 10 glass tex-

Encapsulant delamination along | Encapsulant defamination near
acell crack

saay (B0 0@ ormance: | @1

Witigation

Preventive actions
(cptional)

Corrective actions Preventive actions
(recommended)

WModules with a direct safety | Check validity of IEC 61215 Extended testing (e.g. damp
risk ora severity of 5 should | certiication and BOM, ground | heat), pre-shipment inspec-
be replaced. Regular inspac- | fault detection by inverter or tions (e.9. cross linking level
tians should be done to moni- | other devices at all time. of EVA) regular visual system
tor the status of the not re- Inspections.

placed modules. In case of in-
dividual medule testing all
modules which failed the insu-
Iation andior wet-leakage test
should be replaced.

C]

Delamination creating a continu-

Delamination with corrosion. (1] | Delamination caused by detach-

aus path between electric circut | (see also FS1-11) ment of backsheet with exposure
and the edge. [40] of encapsulant from the back.
[suPsi]

severity | @ e —

) De [—a»

W) along thebus bars. (37] | 1-1) browning (36
sevrty | @ O |- - | @ ‘ —
Examples.
79
Delamination nfrontof sl nthe | Delamination at mode. nsert | Delaminatin at ool ‘edges. [16]
centre of the module. [40] (see | connections of a glassigiass
aoFs 1.2) modula (uncton box). (SUPSI)
severity | @ |- - «®@— |0 [ -

-

Revised version of the failure sheet format proposed in the European Solar Bankability Project.

Ref: ‘“Technical risks in PV projects: report on technical risks in PV project development and PV plant operation’, www.solarbankability.eu

PVFES 1-03: Module front delamination

24


http://www.solarbankability.eu/

2. PVFS List

» COMPONENT

» DEFECT

PVPS

30 PV Failure Fact Sheets

‘%

l FAILURES PV MODULE ] FAILURES CABLE AND INTERCONNECTOR
PIFS T Cell cracks PVFS 2-1 DC connector mismatch
FMQMWW—' PVFS2-2 Defect DC connector/cable
RN front delwnatlc.:n - PVFS2-3 Insulation failure
PVIS T4 Backsheet delan_unatlon PVFS2-4 Thermal damage in combiner box
PVFS 1-5 Backsheet cracking
PVFS 1-6 Backsheet chalking (whitening) FAILURES MOUNTING
PVFS1-7 Burn marks )
T Glass breakage PVFS 3-1 Bad module clamping
PVFS1-9 Cell interconnedtion failure PVFS3-2 Inappropriate/defect mounting structure
PVFS1-10 Potential induced degradation PVFS3-3 Madule shadingure
PVFS1-11 Metallisation discolouration/cormrasion FAILURES INVERTER
PVFS1-12 Glass corrosion or abrasion
PVFS1-13 Defect or detached junction box PVFS4-1 Overheating {temperature derating)
PVFS1-14 Junction boxinterconnection failure PVFS4-2 Incorrect installation
PVFS1-15 Missing or insufficient bypass diode protection ~ PVFS4-3 Complete failure (not operating)
PVFS1-16 Not conform power rating
PVFS1-17 Light induced degradation in c-Si modules
PVFS1-18 Insulation failure
PVFS1-19 Hot spot (thermal patterns)
PVFS 1-20 Soiling
https.//iea-pvps.org/research-tasks/performance-operation-and-reliability-of-photovoltaic- systems/documents,

25



2. PVFS 1-03: Front delamination :('i‘-‘

Component | Module PVES
Defect Front delamination 1-3
» APPEARANCE Appearance | Any Iocallsegaration of the Iayerslbetween (i) the front glass and the encapsulant or (ii) the cell and
the encapsulant, visible as|{bubbles or as bright, milky area/s.]lt may appear continuous or in spots.
The|gosition and sizelof the delamination or bubble depends on the origin and progress of the failure.

N : \ PP §
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2. PVFS 1-03: Front Delamination :(i‘I‘

Component | Module PVES
Defect Front delamination 1-3
Impact Delamination or bubbles do not automatically pose a safety issue, but they can result in reduced

insulation of the component and increased safety risk when they form a[continuous path between
electric circuit and the edge]due to possible water ingress. Moisture in the module will decrease
performance due to anfincrease of series resistance| affect long term reliability and in some cases also
the structural integrity of the module. Moreover, delamination at interfaces in the optical path will
result in additional optical reflection and subsequent decrease in current. This can be the origin of
> IMPACT current mismatch.]lf the mismatch is significant, it will trigger the bypass diode and cause further
power loss. The[inverter might also shut down)due to leakage current’s leading to a further
performance loss. Manufacturing related delamination issues often affects a relevant percentage of
modules within the same production batch and consequentially has a big impact on system
performance.

» Failure with an impact on safety
Failure which can lead to a danger for who is working on or staying close to a PV system.

» Failure with an impact on performance
Failure which impacts negatively the energy production of a PV system.

27
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2. PVFS 1-03: Front Delamination

» IMPACT

PVPS

Safety:

Performance:

No unique rating is possible — Spectrum covering typical field observations

RATING SYSTEM

Safety category

Description

Failure has no effect on safety.

Failure may cause a fire (), electrical shock (e) or a physical danger

(m) if a follow-up failure and/or a second failure occurs.

Failure can directly cause a fire (f), electrical shock (e) or a physical

danger {m).

Performance category

Description

The defect has no direct effect on performance.

no loss {0%)

The defect has a minor impact on performance.

below detection limit <2-3%

The defect has a moderate impact on performance.

within warranty {=0.7-1%/year)

The defect has a high impact on performance.

out of warranty (=0.7-1%/year)

il

The defect has a catastrophic impact on performance.

catastrophic loss (=3%/year)

Ref: ‘Review of failures of photovoltaic modules’, Report IEA-PVPS T13-01:2014

Ref: ‘Silicon solar module visual inspection guide: Catalogue of
Defects to be used as a Screening Tool’, K. Sinclair, M. Sinclair,
https://www.engineeringforchange.org/wp-
content/uploads/2017/09/Solar-PV-Product-Visual-Inspection-
Guide.pdf

28


https://www.engineeringforchange.org/wp-content/uploads/2017/09/Solar-PV-Product-Visual-Inspection-Guide.pdf

2. PVFS 1-03: Front Delamination

» EXAMPLES

PVPS

‘%

|

ination in un- | Ei ination from ion from ion from | E lant ination alol lamination near |

critical position. [SUPSI] call caused by production pro- | call along arid fingers and bus | glass (spotted due to glass tex- | a cell crack. [46] (see also PVFS | cell edges in combination with cell |
cess. [SUPSI] bar. [38]

ture) along the bus bars. [37] 1-1)

browning. [38] ‘

centre of the module, [40] (see
also FS 1-2)

Delamination in front of cell |n|he‘i Delamination at module insert
connections of a glassiglass
module (junction box). [SUPSI]

Delamination at cell edges. [16]

- e

800 - |®

atbor- |

ders. [37]

ion along i of from |
a bus-bar in a cell close to the | glass (spotted due to glass tex-
module edge. [40] ture) at the edge of the cell. [37]

,_

Delamination creating a continu-

with

ous path between electric circuit (see also FS1-11)

and the edge. [40]

caused by detach-
ment of backsheet with exposure
of encapsulant from the back.
[SUPSI]

e |—®

—

D

o |—D

-

(lo——[®@®

1 — | & l» e

The pictures are taken from literature or case studies and

give only a partial picture of the situation. They are used
to explain the potential levels of impact.

The Rating is based on an expert assessment.
Power loss is estimated/measured on the component

level. 29



2. Quantification of Technical Risks in PV Power Systems ”G.‘
T

Review methods to compare and assess common practice

Key Definitions [
Semi-Quantitative
Methods

Nomnal yield

High Level
of Maturit

Quantitative / | ke Database
—

Risk Mitigation C
Measures e

Quantification of
Technical Risks in
PV Power Systems
2021

Low Level

Studies

Best Practice

PVPS

Report IEA-PVPS T13-23:2021, October 2021




2. Quantification of Technical Risks in PV Power Systems

Common Practice

PVPS

Response time - Resolution time

Detection time] Acknowledgement time!  Intervention time

.
>

‘%

Problem Problem Fault 0O&M technician Problem resolved

oceurs detected acknowledgement reaches PV plant
Key Definitions Normal yield | : | Normal yield
Yield with fault : © : D

Report [EA-PVPS T13-25, ISBN 978-3-907281-13-0, 2021.
Technical risk: The probability of problems multiplied by the consequences of its failure

Reliability: The probability that a component performs its intended function

Energy Yield: The electrical energy generated by a power plant

Yield Loss: Not-generated energy caused by a problem

Failure rate: It indicates how many objects fail on average in a period of time

Detection time: How long a problem exists before it is noticed

Response time: Time between when the problem is detected and the corrective action starts

Resolution time (repair time): time to resolve the fault from the moment of reaching the plant

31



2. Quantification of Technical Risks in PV Power Systems ”G.‘
T

Create and maintain a risk database with standardised nomenclature and ratings

PVPS

-
[

PV Failure Fact o p—— Common
Sheets (PVFS) _ SRR Practice

PV Failure
Degradation Sheets

[—

5Il”'"”ll' =
e 2ot

Quantification of
Technical Risks in
PV Power Systems
2021

Case

Studies

SasutRANPS TG 20N

Report IEA-PVPS T13-23:2021, October 2021




2. Quantification of Technical Risks in PV Power Systems ”G.‘
T

Risk Database 25

Delamination
Defect backsheet

— T
Continuous events

N
(=]
T

Hm Defect junction box
- I junction box detached
e Discolouring of pottant
X E 151 - Cellcraa:ksg ’
PV Failure E o s e s
Deg radat|on Sheets “E- 105 mmm Potential induced corrosion
3 b I mmm Disconnected cell or string
E i || Defect?ve bypas.s diode .
« The main results of the 5] | I I o orTostorya asion of AR coating
|ast report remaln true. I ] CdTe: back contact degradation
° PID effects’ Ce“ Cracks D_I 1 ————t——t—F—+——1F !—25
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2. Quantification of Technical Risks in PV Power Systems ”G.‘
T

Assess the economic impact of risks and the effectiveness of mitigation measures

Risk Analysis \ \/\ CPomrtr)on
\R ractice

2

E —! |
2 a0 A
Cost-Benefit < -
Analysis oo
—Ho-Mitigation  — 1 . partial repowering L rivmscos® Risk
~N N

Database

Quantification of
Technical Risks in
PV Power Systems
2021

CPN (Syears) = 151€/kWp
Revenue Loss = 1.51Mio€
7.6% of investment

N (10years) = 745€/kWp
venue Loss = 7.45Mio€
37.3% of investment

Cumulative Cash Flow / CAPEX [%]

CPI
Re

PVPS
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2. Conclusions e
Caa

Quantification of Technical Risks in PV Power Systems
« Data-driven approach for predictive/corrective maintenance actions required.

« Database/design tool for material and component selection for specific
climatic conditions of PV systems (SRIA for 2030).

« Data-driven evaluation of techno-economic performance indicators is a
significant key to take decision support on LCOE to the next level.

PVPS
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Uncertainties in Yield
Assessments and PV
LCOE
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Climatic Rating of Photovoltaic
Modules:

Different Technologies for
Various Operating Conditions
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Assessment of
Performance Loss Rate
of PV Power Systems
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Designing New Materials for
Photovoltaics:
Opportunities for Lowering Cost
and Increasing Performance
through Advanced Material
Innovations

021
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X
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Qualification of
Photovoltaic (PV)
Power Plants using
Mobile Test Equipment

e B F'J‘ fj

Service Life Estimation
for Photovoltaic
Modules

2021

Bifacial Photovoltaic
Modules and Systems:
Experience and Resulits
from International
Research and Pilot
Applications

Quantification of
Technical Risks in
PV Power Systems
2021

Performance of New
Photovoltaic System
Designs

e

Guidelines for Operation
and Maintenance of
Photovoltaic

Power Plants in
Different Climates

2021

https://iea-pvps.org/research-tasks/performance-operation-and-reliability-of-photovoltaic
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3. Integration of PV

“PV going everywhere”
Desert PV . Vehile intgrated PV

© Sono Motors © SolarPower Europe

Floating PV

e e A s S

© IEA PVPS Task 13

Building integrated PV

PV in transport infrastructure

© AIT

© Ertex Solar © Baywa r.e.



3.

Installation of PV

We will install TW of solar PV capacity - and we will not

clear natural vegetation to do it!!

P

*
e L
e Hoto\/oltaic

EUROPEAN TECHNOLOGY
& INNOVATION PLATFORM

80,000 - e =] B ST others
. B ccoT
| | Bl oceT
000 10,000 - | M Methane CHP
Global Europe . ice
60,000 - 1 s I oil cHP
l O 8,000 - I 4 M Biomass solid
re [ Biomass CHP
30,000 % . Il Waste-to-energy CHP
a8 6.000 - | [ Biogas CHP
40,000 - 1 8 [ Geothermal electricity
o - Bl csP sT
30.000 I - PV fixed tilted
! l S 4,000 - 1 [0 PV single-axis
7]
£ = PV prosumers
20,000 - . 1 . ¥ Wind onshore
2'000 L ] = -Wiﬂd offshore
10.000 - | . I Hydro run-of-river
\ - - - - Il Hydro reservoir (dam)
—— | A m | W Coal PP hard coal
2020 2030 2040 2050 2020 2030 2040 2050 N iclear PP
Years Years
Ram M. et al., 2019. Global Energy System based on 100% Renewable Energy — Power, Heat, Transport and Desalination Sectors, 39

Study by LUT University and Energy Watch Group, Lappeenranta, Berlin, April 12; ISBN: 978-952-335-339-8
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3. Integration of PV - Agrivoltaics e oLo\ oltaic

PVPS

EUROPEAN TECHNOLOGY
& INNOVATION PLATFORM

Research & Innovation for A-PV

* Investigate and identify the most
appropriate use cases based on climate
and local agricultural needs.

* Integrating rainwater harvesting for use
in optimized irrigation strategies.

+ Matching the lighting conditions to the
needs of the plants

* Proposed KPIs: crop yield and
photovoltaic yield

BayWar.e.

=

5 Land cover type Proportion Total

x (%) (km?)

= Arable land and permanent crops 25 1471684
Pastures and mosaics 17 985102
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3. Integration of PV - Floating e oLo\ oltaic

EUROPEAN TECHNOLOGY
& INNOVATION PLATFORM

Research & Innovation for F-PV

* Application in damp, corrosive
environments and under the effect of
constant movement.

« System design for wave classes > 0.5 m

« Highly accurate yield predictions
including the effects of cooling and
motion (mismatch losses).

» Design of floating offshore PV systems
for use in conjunction with an offshore

wind farm.
0 Land cover type Proportion Total
(a1 (%) (km?)
E Lim et. al. ETIP-PV Conference, May 2021 Water bodies 3 152 629




IEA PVPS Task 13 New Work Programme 2022-2025 :(I“.‘-‘

Subtask 1: Reliability of novel PV materials, components and modules

+ New materials &

ST1.1 Degradation modes in new PV cell and module technology
applications (IPV)

Trend: share of cell technologies

) ) ST1.2 Performance and Reliability of Second Life PV
+ Climate/environment

specific design/testing ST1.3 Impact of Testing Strategies including application specific load conditions

+ Techno-Economic key
performance indicators

ST1.4 Reliability of PV+Storage

Subtask 2: Performance and Durability of PV Applications
+ Digitalization

+ Second Life PV
+ PV & storage

ST2.1 Floating PV
ST2.2 Agrivoltaics
ST2.3 Bifacial Tracking Systems
ST2.4 Digital Integration and Digital Twinning
ST2.5 Module Power Electronics Performance and Shading
Subtask 3: Techno-Economic Key Performance Indicators
ST3.1 Severe weather and its impact on PV performance
ST3.2 Guideline for the optimisation of KPIs for specific climatic or environmental conditions
ST3.3 Impact of decisions in PV projects economic KPIs

ST3.4 Mapping economic and reliability KPIs
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