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The rapid growth of the solarindustry mai{és m

ensure thatindustry best practices aret b o
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““Top 10 Modern Solar Panel Failures

1. Hot Spots
2. Interconnection discoloration
3. Glass Breakage
4. Fractured Cells s Lot
Affected module * severity (scaled to 100%)
5. PID 0 10 20 30 40
7. Diode / J-box IC discoloration
. . . Glass break
8. Major Delamination TSRS
. Encapsulant discoloration
9. Back shee_t Insulation Eractured cells 10 vears
Compromise PID y
10. Minor Delamination IC failure
Diode/J-box
Major delamination B High severity
. . ) Medium severity
Backsheet insulation compromise B Low severity
Minor delamination

Source: D Jordan, T J Silverman, J H Wohlgemuth, S R Kurtz, and K T vanSant
“Photovoltaic failure and degradation modes”, PIP, 2017
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€ =10 Solar PV System Losses

Cause of Percentage Design or Total Losses 10 SOLAR PV System Losses

Energy Loss Loss Maintenance ey
solar
Shading 7% Both ‘J‘ g E
Dust and Dirt 2% Maintenance Losses % Lovecs we%
Reflection 2.5% Design ¥
Dust and Array
Dirt 2% Mismatch 0.7%
SF Oescster;al 1% Design
Irradiation 1.5% Design Cosses 1%
Thermal o . -
Losses 4.6% Design 23.8% lost o m!r
Losses 1% Losses 3%
Arra . -
Misma¥ch 0.7% Design @ g
DC Cable . e Lbsecs 0.8%
Losses 1% Design
Ifgigéir 3% Design
AE o(sfsa:s!e 0.5% Design

S ::E')' LAR EMPOWER

Source: https://www.solarempower.com/blog/ > 2023.1.26 -
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© = Component Failures #H {48 f&

Activity Description il T{;ZZ:Q) Failure | o,
Insulated gate bipolar transistors matrix in inverter 1.9 10
Inverter fan motor 2.2 25
Inverter reboot to clear unknown error 1.6 40
Broken modules 2.3 20
Damaged racking 1.5 33.5

 The NREL report also summarizes failure patterns observed for specific PV
components and local environmental conditions observed in Sandia‘s PV
Reliability, Operations & Maintenance (PVROM) database, a collection of field
records across 800+ systems in the U.S.
( Source: SANDIA REPORT - 2020/09 - https://www.osti.gov/serviets/purl/1660804 )

« The age of the plants within PVROM is generally low-between 2-6 years,
reflecting the general pattern of young plants within the industry (Jordan et al.,
2020).
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“*40 Practices to avoid for Solar O&M

A -

1. Improper maintenance of pyranometer HIREt4EEAE

2. Ignoring safety measures on-site RfRIRHZ T8

3. Lack of proactive testing = F 15

4. Improper handling of cables E&&#RE A=

5. Improper Labeling of cables EEZEH S

6. Improper cleaning frequency and methodology BZEX « F5/AAE
7. Improper module handling t£1RERIEAE

8. Improper collection of plant data EBILERINEARS

9. Inadequate inventory availability E4EFo] BHEARE

1

0. Preventive maintenance not based on proper root cause analysis

— 3968 |
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Featured Publications

Best Practices in Operation Model of Operation-and- Best Practices at the End of
and Maintenance of PV Maintenance (O&M) Costs for the Photovoltaic System
Systems and Energy Storage Photovoltaic Systems [8, NREL Performance Period [3, NREL
Systems, Third Edition (3, Technical Report (2020) Technical Report (2021)

NREL Technical Report (2019)
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Solar Access to Public Capital (SAPC)
Working Group

Best Practices for Operation and

Best Practices in PV Maintenance of Photovoltaic and
Energy Storage Systems; 3rd Edition

SySte m I n Sta I I at' o n National Renewable Energy Laboratory,

Sandia National Laboratory, SunSpec Alliance,
and the SunShot National Laboratory Multiyear Partnership
(SuNLaMP) PV O&M Best Practices Working Group

Version 1.0, March 2015

MNREL is a national laboratory of the U.S. Department of Energy Technical Report

Office of Energy Efficiency & Renewable Energy NREL/TP-TA40-73822
Operated by the Alliance for Sustainable Energy, LLC December 2018
: : This report is available at no cost from the National Renewable Energy
H=3 NREL is a national \al::oratory of the U.S. Department of Energy Laboratory (NREL) at www.nrel.govipublications.
B ‘!' Office of Energy Efficiency and Renewable Energy
NATIEGNAL S RETE i e Operated by the Alliance for Sustainable Energy, LLC Contract No. DE-AC26-08C028308
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‘- .dti?ﬁtﬁﬁgh 6.3.1.1 O&M Plan Considerations for Residential and Small Commercial
Research Institute ‘

It
System should be installed according to SAPC PV System Installation Best Practices Guide 2015 5 Hﬁ
(http:/fvwww.nrel.gov/docs/fy150sti/63234.pdf).

Small commercial and residential onsite inspections are the responsibility of the contract
offtaker (small commercial) or homeowner (residential). Often the small size precludes the
use of automated monitoring (although developments, such as micro-inverter or power
optimizer communications, are making automated and remote monitoring more feasible).

Any inspection of fleets of small systems is usually on a representative sample rather than
every system.

Performance guarantees should consider typical amounts of malfunction (e.g., one string
fuse) and soiling to ensure insignificant corrections can be deferred and module cleaning
and snow removal (by turbofan) is not provided. Treat extreme soiling situations as
corrective maintenance.

A manual should be provided to the homeowner with contact information and description of
operational indicators and procedures he/she can do, including clear documentation that
states the customer is responsible for maintaining original insolation/shade study results by
completing routine bush and shrub trimming.

6.3.3 O&M Plan Considerations for Commercial and Industrial
Key considerations for an O&M plan for systems larger than 500 kW include the following.

Automated monitoring with diagnostics to push error alerts triggering corrective maintenance

Continually analyzing performance information to optimize condition-based O&M, such as
cleaning, and long-term issues, such as reliability trends

Providing offtaker with manuals containing contact information and descriptions of their
participation and responsibilities, self-inspection of the system, and what conditions
necessitate the O&M provider to be notified of problems

Providing offtaker with a shelter onsite for workers to meet and look at plans if size warrants
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Review Board of JET PV Q&M Certification Scheme

{ once or lwice per year)
1) Advisary for revision of guidefines. 1) Review of Guideline ﬁ . 3 ]
?) Reporting of current situation 2) Comments Impartial committee PV O&M

JET (Japan Electrical Safety & Environment Technology Laboratories)

1 I 1- I j l Requirements

Registration after  Registration after —
Igl reviewing PP (@ More than three years of PV businss

and more than 5 O&M actual
| (1) 0&M company

Tor O& M registration and certification

acievement.

@ Acquisition of IS09001 certification
oril's equivalenl scheme

B R R i el e el e
business by construction industry law

@ The list of O&M measurement

5
al

(2) O&M engineer equipment which were calibrated.

*Completion of O&M training by JET

Renewing [ every 3 vear (1) O&M engincer must belong 1o the

O&M above O&M company. O
Engineer @ FEngineer must have the carrier of PV I*EEEﬂi
business of more than three years.
[ (3)O&M report l & Completion of O&M training by JET

JET registers
(1) O&M co O&M O&M report must prepare by using the *Ei
(2) O&M engineer who belong to the above company = measurement cquipment which arc =
JET certifies the O&M report based on “JET PV O&M e provided in the guideline.
Gudeline™.
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In the lifetime of a PV plant, O&M Is the
longest activity

High quality
o&M 2
Increases RN Mnpack
E:‘?._:E LCOE Added
techn risks
Incre ROI
¥ Enhanced transparency
. ¥ Consistent servi uality level
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1 & 3 4

Fillin the

Compile your Technical Dossier Register
Checklist

Update your documents annually
Below
Second (still before registering), put

Each year the Checklists are updated
First, and before registering, download

together your Technical Dossier. The Once you have passed the and new versions of the logo are
the free Checklist to do a first self- Technical Dossier is a set of requirements, filled in the Checklist issued containing the reference year.
evaluation to see if you pass the Mark’s documents to substantiate your and put together the Technical Dossier, vou will be informed when a new
stringent requirements that are based Checklist. The required documents are the third step is to sign up by filling in versions of the Mark and the Checklists
on the O&M Best Practices Guidelines. listed in the Cchecklist . the registration form below.

are available.
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7fE-.S—?’F—E’Jﬁ’*”f‘ t - SolarPower Europe A EHH Rag °
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AfEASRHIREAS RS - ﬁ/\TEﬁI%$$DT§1TI ERAEH

Ak EEEF - A EE SolarPower Europe H#= -

NERIBEKRGFRE - #EFNEHNDZE - SolarPower Europe (£12
FaMIA -

Source: https://solarbestpractices.com/get-the-mark
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Solar O&M Solar Monitoring Solar Aerial Thermography Solar Asset Management
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Solar O&M Best Practices Mark
DEMONSTRATE YOUR Best Practices Mark

EXCELLENCE

Solar OuM

i & Solar Aerial Thermography Best Practices Mark
' B o Best Practices Mark

Solar Monitoring,
[Best Practices Mark

Sodar Aerial Thermography
[Best Practices Mark

Solar Asset Management Best Practices Mark -
select
Best Practices Mark
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greentech  MASE

ﬂ‘es"“ v ' BayWare.

Anesco Ltd

At Anesco we develop, design, construct,
operate, maintain and optimise high
performing grid scale renewable energy
assets.

hitpsiiwwwanesco.couk

Rosemaryansell@anesco.co.uk

tCO

SOLAR

TCO Solar

TGO Solar is active in development, asset
management and O&M in France (Marseille),
Italy (Milanc) and Germany (Hamburg).

http:/fw tco-solarcom/

info@tco-solarcom

TEKMAREEBER 5

Bay\Wa r.e. Operation Services S.rl.

We are the ltalian legal entity of BayWa re.
GmbH. BayWa is a market leader in the
sector of PV plant Operation & Maintenace.

greentech

greentech is an expert in project
development, plant design, technical
consulting, construction and operation and
management of PV plants.

MASE

MASE is a technology-driven O&M firm with

a core focus on clean energy, operating over

500 MW of solar capacity.

guillermo hernandez(@X

htt

§J3E

3E

3E is a leading technology and Saas
company providing solutions and services
that maximise the performance of
renewable energy assets.

G
]
i

https

info@3E e

Jwww greentech.energy
contact@greentech.energy

S
& I-€f

Inteilgence in Enery

i-EM 8.kl

I-EM providing advanced big data analytics
powered solutions for intelligent energy
management of smartgrid

info@i-em.eu

Ww.mase-energy.com

adminf@mase-energy.com

BE T ERHE

Nomad Electric

Nomad Electric Services Sp. z 0.0.

We ars O&M service provider, performing
preventive and corrective action, we also
have a monitoring centre with our own
SCADA system.

0@5|No
%5 VOLTAICS

Sinovoltaics

Sinovoltaics is technical compliance and
quality engineering consultancy in the field
of solar photovoltsics and battery energy
storage.

A i

i

GiraSol

Girasol Renewable Energy
Girasol Renewable Energy provides expert
Solar Aerial Thermography using Sitemark

analytics platform.

hittps:/www girasolre com

info@girasolre com

2 SITEMARK

Sitemark

Sitemnark provides software and services to
streamline and optimize the engineering,

construction and operation of solar sites

httpes/sitemark com
info@sitemark.com
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WORKEBEE OPERATIONS LTD

Specialized RES Operation&Maintenance,
drone inspection and independent
engineering company.

htt wwwworkbeeops.com
mic pap@workbeeops com
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Table 6: O&M related international standards and technical specifications.

Standard / Technical

Specification

Title

Highlights

IEC TS 63049

IEC 62446-1:2016

IEC 62446-2:2020

IEC TS 62446-3:2017

Terrestrial photovoltaic (PV) systems -
Guidelines for effective quality assur-
ance in PV systems installation, oper-
ation, and maintenance

Photovoltaic (PV) systems - Require-
ments for testing, documentation, and
maintenance - Part 1. Gnid connected
systems - Documentation, commis-
sioning tests and inspection

Requirements for testing, documenta-
tion, and maintenance - Part 2: Grid
connected systems -

Maintenance of PV systems

Photovoltaic (PV) systems -
Requirements for testing, documenta-
tion, and maintenance - Part 3: Photo-
voltaic modules and plants - Outdoor
infrared thermography|

Good practices for
0O&M management
and development

Verifications, test
procedures (I-V
curve, IR inspection,
etc.), results inter-
pretation

Maintenance proto-
cols, verifications
tasks, safety proce-
dures

Equipment require-
ments, inspection
procedure, evalua-
tion
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On-site Inspection

with Mobile Test
Equipment

>

Electrical Inspec-
tion Technigues

Imaging Techni-
ques
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« Cluality and Life-
tirme of PV Array

» Trouble-Shooting
& Warranty Claims

A S50

Spectroscopic
Methods
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