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The Quest for Quality: towards reliable
and bankable solar PV



Literature on quality
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Opex 20
Euros/kWp/y

Opex 40
Euros/kWp/y

WACC 4% WACC 6% Degradation 1% Degradation 2%
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Quantifying «quality»
Impact of reliability on LCOE

+108.11%
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30y, PR 0.85, 20, deg 0.8% 20y, deg 20y, OPEX 30 20y, deg 20y, PRO.75, OPEX 20y PRO.7S,
deg 0.25%, OPEX 0.8%, PR0O.75 Euros/kWp/y 0.8%, OPEX 30 30 Euros/kWp/y  deg 0.8%, OPEX
10 Euro/kWp/y Euros/kWp/y 30 Euros/kWp/y

Drivers for cost-effective increase of performance and reliability:
- Common nomenclature / dictionaries
- Risk framework and guidelines

- A value-chain approach

For all these drivers digitalisation is key

Impact of weighted average cost of capital, capital expenditure, and other parameters on future utility-scale PV levelised cost of electricity, Eero Vartiainen, Gaétan Masson, Christian Breyer, David Moser, Eduardo 4
Roman Medina, PIP 2019 https://doi.org/10.1002/pip.3189



Stakeholders’ needs

short defect warranty periods, minimum of additional guarantees and warranties, high sale price with low
OPEX (short time horizon)

manage all the conflicting requirements for a long period of time. The best condition for O&M operators is
in fact in the presence of long defect warranty period and low sale price to allow for higher OPEX.

Limit their liability to product guarantees and warranties
limit their liability to failures PV plants, which meet technical market standards and are maintained on a
regular basis
long defect warranty periods, performance guarantees, reasonable low CAPEX and OPEX, high long-term
plant performance and lifetime (ideally above the initial prediction).
projects with a 10-15 year financing period and PV plant performance which can also be slightly below

prediction.
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Bankability and quality must be data-driven Data avallablhty

Large datasets are available:

- Procurement / Testing

- Monitoring %
i i i - Reduce

- Field inspection :

- Ticketing O&M v

- Insurance claims Transfer

- Third party inspections

Prevent

0
¢
)
v
o
e
=

HOWEVER

These datasets are rarely:

- Organised

- Interoperable and digitalised

- Rely on interlinked digital platforms

Residual risks

Unidentified
risks (gaps)

eurac research D. Moser et al, Identification of technical risks in the photovoltaic value chain and quantification of the economic impact, Progress in Photovoltaics, 7, 2017 6




Technical risks framework: towards a
standardised approach to quality
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Risk matrix: taxonomy

The importance of using common dictionaries

Product Development Assessment of PV Plants
i P| rod"uct ) Planning

Transportation 0&M

[ installation

Decommissioning

Modules

[

1 1

* Insulation test

* Incorrect cell
soldering

* Undersized bypass
diode

* Junction box
adhesion

* Delamination at the
edges

» Arcing spots on the
module

* Visually detectable
hot spots

* Incorrect power rating
(flash test issue)

* Uncertified
components or
production line

* Soiling

» Shadow diagram

* Modules mismatch

* Modules not certified

* Flash report not
available or incorrect

+ Special climatic
conditions not
considered (salt
corrosion, ammonia,
...)

* Incorrect assumptions
of module
degradation, light
induced degradation
unclear

* Module quality unclear
(lamination, soldering)

+ Simulation parameters
(low irradiance,
temperature....)
unclear, missing PAN
files

* Module mishandling
(glass breakage)

* Module mishandling
(cell breakage)

* Module mishandling
(defective backsheet)

* Incorrect connection
of modules

* Bad wiring without
fasteners

* Hotspot

* Delamination

* Glass breakage

* Soiling

» Shading

+ Snail tracks

* Cell cracks

* PID

* Failure bypass diode
and junction box

* Corrosion in the
junction box

* Theft of modules

* Module degradation

+ Slow reaction time for
warranty claims, vague
or inappropriate
definition of procedure
for warranty claims

* Spare modules no
longer available, costly
string reconfiguration

* Undefined product
recycling procedure

www.solarbankability.org
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v
Risk Matrix Update

Components

Grid Weather station, Communication & Monitoring
Interconnection Mounting Structure
Inverter System
Module Transformer
MANDATORY

Risk matrix: taxonomy

The importance of using common dictionaries

Classification of failure according to TRUST PV’s Risk Matrix Workflow

Failure categorization

\ 4
Ticket Alignment

‘failure_id Component |Subcomponent [failure

2) statkraft N CI W BayWare.

Warning O&M platform

\grid.oz Grid Entire grid Limitation of deliverable power Operation
inv.11 Inverter Entire inverter Overheated inverter Operation
mod.01 Module Backsheet Chalking Operation |Insurance
mount.12 Mounting Structure |Tracking system Tracking failure Operation

Status update:
24,780 tickets of 86 PV plants aligned

Groen Povear

340 failures listed

eurac research  www.trust-pv.eu



&n TRUS :e::nnlngy Collaboration Programme - ct of fai I u res

SOLAR PV, PEF ] .
R ~ New metrics
| { ‘ International Energy Agency NS fOI’
' N\ . Photovoltaic Power Systems Programme . .
Cost-based F: A ven asset within the same
= ¢
(AM, O&M)

and Effects A

legies in EPC, O&M
en the various phases of

e s reduction

6 Economic impact due to . Performance, Op-:ﬂ;ration d Reliability of Photovoltaic Systems
- Cost of detection (field ins

etc) . : 15€
- Cost of transportation of « Quantification of ase

Technical Risks in
PV Power Systems
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N cPN Results- Components and Market Segments

_.,.._ -

BANKABILITY

* PV modules - Utility scale Scenario based results!

14€
. Overall cost of repair / substitution per year [€/kWp/Year]

12€ . Missing production per year [€£/kWp/Year]
T
© 10€
2
<~
g 8€
<
W 6€
| -
s
o 4€
O
) I I
Improperly Glass PID = Snail Defective Delami- Hotspot Soiling Overheating Failure
installed breakage Potential track backsheet nation junction box bypass
Induced diode and
degradation junction box

* Highest risk consists of a group of installation failures (mishandling, connection
failures, missing fixation, etc. )

* Variety of failures detected by different techniques (VI, IR, EL, IV-Curves)

11
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.

cPN Results- Components and Market Segments

& BANKABILITY

Scenario based results!

* |nverters
3.0€ . N
. Overall cost of repair / substitution per year [€/kWp/Year]
2 5€ . Missing production per year [€/kWp/Year]
[ |
L .
8 2.0€
S
s
< 1.5€
N
e
— 1.0€
o
@)
0.5€ I
0.0€ Il ] lI II - — B — B _ =8 — - an
Inverter Error Fan Wrong Burned DC entry Fault Switch Polluted Wrong
not message failure installation  supply fuse due to failure/ air connection
operating and cable failure grounding damage filter -  (positioning
overheating and/or causing issues, derating and
socket or caused e.g. high numbering)

by array humidity
disconnection inside

eurac research 12
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When a failure occurs, e.g.
performance deviation beyond
allowed threshold or inverter
error code generated.

An alarm is triggered

failure time

4 I

Acknowledgement of the fault
by the O&M Contractor.
A maintenance ticket is

opened
o _/

acknowledgement time

< Detection time >

Economic impact of failures

Treaceability

4 N

The technician arrives
on-site with all the tools
and spare parts needed

Problem fixed and
acknowledged by the
O&M Contractor.
The maintenance

to fix the problem
o _/

ticket is closed
g _/

intervention time resolution time

<

eurac research _
Marseille 5CV4 19

Time that it takes to
detect the occurrence
of a problem

Response time

D reparime

Time that it takes to
organise the repair or

substitution

Time that it takes the
technician to fix the
problem

‘ Digitalisation becomes a necessity

OPTIMIZATION OF THE COST PRIORITY NUMBER (CPN) METHODOLOGY TO THE NEEDS OF A LARGE O&M OPERATOR, G. Oviedo Hernandez et al, EUPVSEC 2019,

13



Digitalisation as THE driver for quality



Automatic
of parameters into
dedicated database

Average costs for

insertion j .
maintenance of specific
Issues in the field based
on large scale statistics

Input individual
parameters from
tickets

Measured Hj,s
from irradiance
Sensors

PR calculation
incorporation PLR

Accurate
calculation of
financial impact

O&M
contractor
KPls

()
Energy Loss down
Crix

[ Improvements  [T] calculation steps

[ ] Next steps

eurac research OPTIMIZATION OF THE COST PRIORITY NUMBER (CPN) METHODOLOGY TO THE NEEDS OF A LARGE O&M OPERATOR, G. Oviedo Hernandez et al, EUPVSEC 2019,

Marseille 5CV.4 19

B Data sources

Process digitalisation

Full integration of monitoring platforms and ticketing systems

- Creation of standardised metadata (PV passport)

- Development of an automated and therefore time-efficient
solution for extracting key parameters from maintenance tickets
to gain statistical insights from a large number of PV plants.

- Development of a software tool for field technicians that would
allow the precise and error-free recording of standardised
parameters for the calculation of the O&M contractors KPls
necessary for an efficient implementation of the methodology

- The O&M field practices must definitely move away from a
manual input of tickets in text format and adopt a more
standardised approach when human intervention is limited

15



Process digitalisation

Workflow

M d PV 3D Vis O
Measured Iai?ts:lreitrical Digi.tal
meteo-data P Twin

parameters

. Maintenance
Monitoring System .
9>y Ticket
Fault Priority +

O&M KPlIs Detection Ticketing System Decision Support

\ 4

Cost of repair/sub

Energy Loss —— =» CPN J

Cost of downtime

Cost parameters @ PV system asset

(FIT, PPA, labor, data and

fre fesr Py e R S m
gtir?sgyto?z%e Q sobIRoL w ALTOADIGE components) etadata
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TRUSTEY. A value-chain approach

Needs and definitions

Virtual construction of a facility Dynamic information about
prior to its actual physical the asset
construction (Configuration changes, sensor

measurements, control signals)

(reduce uncertainty, improve safety, work
out problems, and simulate and analyze
potential impacts)

Bridge the information loss
associated with handling a project
from design team, to construction
team and to asset owner/operator
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Imagery

Drone survey of
existing site

Photo-
grammetry

Very
accurate
ground-

control

3D model

Post-

processing

Process digitalisation

Ground
topography

Tree shading
geometry

Building
geometry . geometry

(.dwg or .dae)

PV table
geometry

“unec

Digitalised PV plant

pvcase Wy above



LA Process digitalisation
Digitalised PV plant

Ground :
topography T .

Tree shading
Raw 3D

geometry from

geometry

drone survey

(.dwg or .dae) Generation of full PV

model of existing site —»
from drone survey and |

electrical layout PV table
i eometr P
Electrical layout 5 8 v 5 : PV3D : PV system
! o geometry E
PV module P (.rad) performance
geometry simulation

Building
geometry

Information
(.dwg)

Electrical
hierarchy
(.xml)

"umec . Pvcase W above



Process digitalisation
Digitalised PV plant

[ABD] Bolzano CdTe PV Plant [ABD] Bolzano CdTe PV Plant [ABD] Bolzano CdTe PV Plant

8 Info ¢} Tickets (I Mappa g8 Cmdb = Lista (U Mappa 8 Info ¢} Tickets (I Mappa g8 Cmdb

[f01.r01.t01.m01-B] - PV module
Stato: Attivo
Sede: Sede Bolzano

[f01.r01.t01.m01-C] - PV module
Stato: Attivo
Sede: Sede Bolzano

Codice f01.r01.t01.m01-D

[f01.r01.t01.m01-D] - PV module
Stato: Attivo Descrizione Breve PV module

Sede: Sede Bolzano

Sede Sede Bolzano
[f01.r01.t01.m01-E] - PV module Stato Attivo
Stato: Attivo
Sede: Sede Bolzano e

Descrizione >

[f01.r01.t01.m02-A] - PV module

. eurac
salded researeir. 4 =



BIM framework for the PV industry

= Building Information Modeling (BIM) for the
management, sharing and federation of PV asset
information throughout the lifecycle

Lifecycle processes request from and provide
information to a shared repository or Common
Data Environment (CDE)

perform federation

—) Advanced digital services request information and
Advanced digital services interact with lifecycle
G

A value-chain approach

Breaking silos

Conceptual

design Detailed design

‘ CDE |
of BIM

Modification ’ l Eonstruction

‘@

processes to aid decision making e.g. through a / Operation
Decision Support System (DSS) Decomissioning, &
End-of-life Maintenance

eurac re L7 T PVcase ﬁ Viabove MBaWare. C7C1  UMEC @aptech  saded Z) statkraft



Conclusions and outlook

The PV sector must establish approaches to ensure and measure quality of components, systems and projects
Each PV project must ensure the presence of a reliability plan which is constantly updated and passed along the
value chain

New metrics must be introduced to quantify the impact of decisions taken over the lifetime of a PV project

Silos culture between stakeholders must change. Decision taken during a phase have an impact on the next
phases

Information must be carried along the value chain (eliminate work repetition)

Standardisation of data format and collected data (metadata / PV plant passport, product data, monitoring data,
ticketing, common dictionaries, etc)

Digital platforms must be interoperable

Solar bankability must be based on hard facts / data and is an approach that heavily relies on data / quantification
of quality

Digitalisation is the driver that can finally ensure cost-effective increase of quality and
reliability along the whole value-chain

“ IEA Stay tuned for the next Task 13 period!

@® PVPS

eurac research



A value-chain approach

Asset information re-use in the PV industry

The information need of several PV system lifecycle stages is investigated (see table)

‘l) Statkraft }

|
= |t was found that enabling information re-use through BIM can render most services:
= More efficient through eliminating work repetition
= More reliable through using a single, managed source of information
o
(3
2
%) [y
s = & 3
o 5 ] Q: 3 N £ s N & 5
i () 5 < £ ] o < = 1] S o 2
Lifecycle stages Data elements w0 3 3 g & S o 45 o 3 S 5 & . 2 >
£ g 3 S ] * ] 9 e o 2 5 5 S & 5 2 o
s 8 § § &£ § F 5§ £ & F 5 ¢ § £ F g 8
£ £ 5§ = g & = g g 5 5 & ¥ 5 =2 8 s &
@ T /3 S jof K] g S < S S 3 S S = % ~ S
s IS g 3 o 2 x 5 5 v g 3 S g = oy & g
o AN S 4 2 P S 7 < g IS AN AN IS & Q 5 N3]
qQ a S < o 5 a I} T = S a a G % o 2 IS
Product Manufacturing & Testing X X X X X
Planning|Creation of a Digital Twin (Existing Plant) X X X X
and |Creation of a Digital Twin (New Plant) X X X X
Design |Energy yield simulation using Digital Twin X X X X X X X X X
Construction Monitoring X X X X X
Performance Monitoring X X X X
Operation & Maintenance X X X
X X
X X
X X X X X X
~ ° .
C7Cr MeC @optech saided =

Recycling and End-of-Life
PV Financing
Decision Support System

TRUSTPV

SOLAR PV, PERFORMANCE & RELIABILITY
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Soiling

— C_inst_fix
= (PN_inst
= C_PM fix
CPN_PM

0 100 200 300 400 s00 800 700
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eurac research
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F =

Lt

Decision support system

Theft of modules

1 — CPN_inst

— C_inst_fix

—— C_PM fix
CPN_PM

200 300 400 500 600 700
acknowledgement time [h]

0 100
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