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INTERNATIONAL ELECTROTECHNICAL COMMISSION

TERRESTRIAL PHOTOVOLTAIC (PV) SYSTEMS -
GUIDELINES FOR EFFECTIVE QUALITY ASSURANCE

IN PV SYSTEMS INSTALLATION, OPERATION AND MAINTENANCE
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nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization,co|
ational electrotechnical committees (IEC National Committees). The object of IEC isp to

ational co-operation on all questions concerning standardization in the electrical and electronic f}
bnd and in addition to other activities, IEC publishes International Standards, Technical Speci
hical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to

cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee ir
e subject dealt with may participate in this preparatory work. International, /gevernmental 3
nmental organizations liaising with the IEC also participate in this preparation~/EC collaborate
the International Organization for Standardization (ISO) in accordance with conditions detern
ment between the two organizations.

lormal decisions or agreements of IEC on technical matters express, as (hearly as possible, an inte
bnsus of opinion on the relevant subjects since each technical committee has representation
sted IEC National Committees.

Publications have the form of recommendations for internationaluse and are accepted by IEC
nittees in that sense. While all reasonable efforts are made.to ensure that the technical conten
cations is accurate, IEC cannot be held responsible for,"the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC National)Committees undertake to apply IEC Puj
parently to the maximum extent possible in their national and regional publications. Any di
ben any IEC Publication and the corresponding wpational or regional publication shall be clearly ind
tter.

tself does not provide any attestation of conformity. Independent certification bodies provide cq
Esment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblg
Ces carried out by independent certification bodies.

ers should ensure that they have,the 1atest edition of this publication.

bbility shall attach to IEC or its\directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property d3
damage of any nature whatsoever, whether direct or indirect, or for costs (including legal f4
hses arising out of the\'publication, use of, or reliance upon, this IEC Publication or any o
cations.

bensable for the'\correct application of this publication.

tion is drawn to the possibility that some of the elements of this IEC Publication may be the s
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rds. In

onal circumstances, a technical committee may propose the publication of a te
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the required support cannot be obtained for the publication of an International Standard,

des

pite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

Technical Specification IEC 63049 has been prepared by IEC technical committee 82: Solar
photovoltaic energy systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
82/1234/DTS 82/1283A/RVDTS

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The co
the stgbility date indicated on the IEC website under "http://webstore.iec.ch" in“thle data

related|to the specific publication. At this date, the publication will be
e transformed into an International standard,

e recopnfirmed,

e withdrawn,

o replaced by a revised edition, or

e ameénded.

A bilinqual version of this publication may be issued at a later’date.
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INTRODUCTION

It is frequently observed that problems with PV systems may be related to the system
installation in one of multiple ways. Successful completion and continuous operation of PV
systems depend on appropriate training of workers, appropriate oversight of their work, and a
continual improvement system to learn from identified problems.

In order to supplement multiple IEC standards for qualification of the components and to
guide the design of systems, it is useful to have oversight of the installation process. Some
installation companies use an ISO 9001 quality management system, but this is a relatively
uncommon practice and those that do certify to 1ISO 9001 may omit some critical elements.
Similarps—aftercompletionof the-installation—practices for operationand-maintenanceof a PV

system| vary widely with variable success.

This dgcument was created to identify critical technical elements that should.be”inclyded in
Quality] Assurance programs and, where useful, to provide more specific’ management
requirements than are found in 1ISO 9001. This document is designed to be.implement¢d as a
self-contained certification or in conjunction with 1ISO 9001.
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TERRESTRIAL PHOTOVOLTAIC (PV) SYSTEMS -
GUIDELINES FOR EFFECTIVE QUALITY ASSURANCE
IN PV SYSTEMS INSTALLATION, OPERATION AND MAINTENANCE

1 Scope

This document provides the minimum activities deemed necessary to implement an effective
Quality_Assurance program for the managing and reducing of risk in_the installation and
operatitm of photovoltaic (PV) systems. This document defines requirements for certifying that
an entity has and uses a Quality Assurance program to prevent, or reduce errors 'and| learns
from angy new errors in:

a) installation, and

b) opdration and maintenance of a PV system.

The object of this document is to provide more confidence in the performance and reliapility of
certifiel PV systems. By being installed and operated under a Quality Assurance program in
accordance with this document, PV systems are expected to\©Operate as designed pnd as
expecteéd based on product warranties.

This document is developed to facilitate implementation jof the quality control schemeg under
the IECRE program, for those who choose to use‘the IECRE program ("IEC sysfem for
certification to standards relating to equipment for_use in renewable energy applicationg").

NOTE This document has been written primarily to apply to large PV plants and similar schemes. Requjrements
for residgntial systems and smaller scale installers arg b€ing considered for a future version of this documpnt. This
documer)t also assumes these requirements apply;to the prime contractor who, in turn, is responsiblg to hold
subcontriactors and other service providers to the jntent of these requirements.

This dgcument is applicable to all PVCsystems independent of design and technology, [i.e. flat
panel, | Concentrator Photovoltaic,;"(CPV). Quality controls for CPV and nonconvgntional
flat-plafje systems will differrrsomewhat from those of more conventional designs; this
document has not considered these differences and is expected to be generally applicable to
all PV gystems.

This dpcument covers’ processes starting from the shipment of components out [to the
installation site ~and including the transport, unpacking, racking, construction, module
installation process and processes associated with operation and maintenance of the PV
system|.

Complighceé to a Quality Management System (QMS) such as ISO 9001 will meetf many
requirements in this document. The requirements that are unique to this document can be
combined with the ISO 9001 audits for those organizations that are already registered to
ISO 9001:2015. For the organizations who do not have ISO 9001 registration by a certified
body, the entirety of this document applies.

Assessments with respect to this document may be completed to certify a Quality Assurance
program for the installation process, for operations and maintenance processes or for both
processes.

Clause 4 describes requirements for the installation process; Clause 5 describes
requirements for operation and maintenance.

Maintenance of PV systems is often lumped into the catchall term “operations and
maintenance” (O&M) This document does not address business or management operational
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processes (e.g. forecasting, utility pricing incentives, etc.) or other considerations driven by
factors outside of basic system working condition, safety and performance.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60364 (all parts), Low-voltage electrical installations

IEC 60B64-7-712, Low voltage electrical installation — Part 7-712: Requirements~for |special
installations or locations — Solar photovoltaic (PV) power supply systems

IEC 61R15 (all parts), Terrestrial photovoltaic (PV) modules — Design qualification anpd type
approvgl

IEC TS|61724-2, Photovoltaic system performance — Part 2: Capacity evaluation method
IEC TS|61724-3, Photovoltaic system performance — Part 3: Ehergy evaluation method
IEC 6130 (all parts), Photovoltaic (PV) module safety qualification

IEC TY 61836, Solar photovoltaic energy systemsi=>Terms, definitions and symbols
IEC 62[109 (all parts), Safety of power converters for use in photovoltaic power systems

IEC 62¢#46-1, Photovoltaic (PV) system$ — Requirements for testing, documentatiopn and
maintehance — Part 1: Grid connected PV systems — Documentation, commissioning tests and
inspection

IEC 62#46-2, Photovoltaic (PY) systems — Requirements for testing, documentation and
maintehance — Part 2: Grid ‘connected PV systems — Maintenance of PV systems|(to be
publishied)

IEC 62#446-3, Photovoltaic (PV) systems — Requirements for testing, documentation and
maintehance — Rart 3: Photovoltaic modules and plants — Outdoor infrared thermography

IEC 62p48,Photovoltaic (PV) arrays — Design requirements

IEC TS 62738, Ground-mounted photovoltaic power plants — Design guidelines and
recommendations

IEC 62759-1, Photovoltaic (PV) modules — Transportation testing — Part 1: Transportation and
shipping of module package units

IEC TS 62915, Photovoltaic (PV) modules — Retesting for type approval, design and safety
qualification

IEC TS 62941, Terrestrial photovoltaic (PV) modules — Guideline for increased confidence in
PV module design qualification and type approval

ISO 9000, Quality management systems — Fundamentals and vocabulary
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ISO 9001:2015, Quality management systems — Requirements

ISO 19011, Guidelines for auditing management systems

3 Terms and definitions

For the purposes of this document, the terms and definitions in 1ISO 9000, IEC TS 61836 and
the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EQ Electropedia: available at http://www.electropedia.org/

e IS Online browsing platform: available at http://www.iso.org/obp

3.1
condition adverse to quality
all-incl@isive term used in reference to any of the following: failures, maifunctions, deficjencies,
defectiye items, and non-conformances; such a condition is significant if, uncorrected, |t could
have a|serious effect on safety or operability

4 Requirements for PV system installation

4.1 Records requirements
4.1.1 Records system
A records system(s) shall be established by the organization responsible prior to the start of

installation activities. Requirements of local*standards or regulations for documentation need
to be cpnsidered to determine minimum~documentation for PV systems.

The organization shall define the-controls needed for the identification, storage, profection,
retrievgl, retention and disposition of records.

Records established to _provide evidence of conformity to requirements and of the effective
operatipn of the Quality\Assurance program shall be controlled.

Records shall remain legible, readily identifiable and retrievable.

4.1.2 Generation of records

The applicable design specifications, procurement documents, contract documenfs, test
procedures, operational procedures, or other documents shall specify the records to be
generated, supplied, or retained by or for the project owner.

Documented information that is designated to become records shall be accurate, and
completed appropriate to the work accomplished.

4.1.3 Record validation

Documented information shall be considered to be valid records only if stamped, initialled, or
signed and dated by authorized personnel or otherwise authenticated, e.g. electronically
validated.


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=3ccc874458085ea340c84bf11019a7ae

-10 - IEC TS 63049:2017 © IEC 2017

4.2 Resource management
421 Training programs
4211 General

The organization shall maintain a (periodic) training program for all personnel (not just
employees) involved with the design and installation of PV projects. In addition to safety,
professional, and other requirements, training should include familiarity with relevant sections
of the technical photovoltaic documents described in Annex A and methods for handling
modules.

4.2.1.2—Reecords—reetHrements

Documegnted information of employee training relevant to the installation project shall |nclude
the typg of training and date of completion.

4.2.2 Succession planning

The organization shall plan for succession for key functions that affeCtycustomer satisftaction,
quality reliability, safety, and performance, including the installation engineer.

4.3 PV system installation
4.3.1 General

The organization is required to implement the requirements in accordance with this dogcument
for the jneeded planning and development of processes for PV system installation.

In plapning PV system installation, the organization shall determine the following, as
appropriate:
a) quglity objectives and requirements for the installation;

b) the|need to establish processes and documents, and to provide resources specifig to the
ins{allation;

c) required verification, validation, monitoring, measurement, inspection and test agtivities
spgcific to the installation and the criteria for installation acceptance;

d) recprds needed to.'provide evidence that the installation processes and the completed
ins{allation meet requirements.

The oytput of this  planning shall be in a form suitable for the organization's method of
operatipns.

4.3.2 Project management

As appropriate to the organization and the project, the organization shall plan and manage PV
system installation in a structured and controlled manner to meet requirements at acceptable
risk, within resource and schedule constraints.

4.3.3 Determination of requirements
4.3.3.1 General

The organization shall consider requirements and guidelines contained in |IEC 62548,
IECTS 62738, IEC 60364, IEC 60364-7-712, and local codes, as applicable. The final
requirements shall be documented.

The installation processes shall reflect lessons learned from root cause analysis of problems
with previous PV systems, and response to customer complaints or other experience with
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previously installed PV systems. Input data for this process shall be proactively collected
including:

a) Analysis of performance of PV systems relative to the expected performance during the
warranty period or longer.

b) Periodic inspections of the PV systems to identify evidence of problems. Visual
inspections may be supplemented by infrared and luminescent imaging.

This information may be collected and reviewed directly by the organization responsible for
installation or indirectly in partnership with another entity. Regardless of the method of
collection of the information, the organization shall include this proactively collected data
when determining requirements.

4.3.3.2 Records requirements

meet the requirements of IEC 62548, IEC TS 62738, IEC 60364, and IEC\680364-7-112, as
applicable, before acceptance to begin construction, and to enable theyinformatiornl to be
adequdtely communicated during implementation.

Docur:Fnted information shall be kept as a record of design reviews to ensurethat all designs

The dgsign reviews should include a constructability and a serviceability review in order to
identify] potential problems.

Additiopally, the documented information should include information about the asgembly
proces$, especially where variability in some processes could result in subsequent field
failureqd. A key example is the handling of modules, .since poor handling can result in dracked
cells o1 shattered glass.

4.3.4 Customer communication
4.3.4.1 General

A procgss shall be developed to enSure proactive communication with customers (g.g. the
owner){when a problem is identified-with a relevant system.

A process shall be developed to respond to customer issues during the installation progess by
understanding the problem) evaluating the root cause, identifying a solution, implementing
that solution to the satisfaction of the customer within a reasonable timeframe.

4.3.4.2 Records-requirements

Records of roet-Cause, corrective actions, and customer communications shall be maiptained
as defined inthe records system created in 4.1.

4.3.5 Purchasing of system components
4.3.5.1 General

All system components shall be procured to conform to specifications of the design, including
assurance that manufacturing was completed to a qualified design. The manufacturer should
have an effectively implemented QMS. See, for example, the relevant parts of IEC 61215,
IEC 61730, IEC TS 62941 and IEC TS 62915 and how these have been considered during
implementation of IEC TS 62738 and IEC 62548.

4.3.5.2 Purchasing process and associated records requirements

The organization shall ensure that purchased system components conform to specified
purchase requirements and relevant standards. The type and extent of control applied to the
supplier and the purchased system components shall be dependent upon the effect of the
purchased system components on system performance.
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The organization shall evaluate and select suppliers based on their ability to supply system
components in accordance with the stated requirements. Criteria for selection, evaluation, re-
evaluation, and possible disqualification shall be established.

Records of the results of supplier evaluations and any necessary actions arising from the
evaluation shall be retained.

4.3.5.3

Purchasing information

Purchasing documents shall contain complete and unambiguous information describing the
product ordered, including, where appropriate:

a) the

b) the
pro
tec
pro

c) the

The or

specifigd requirements prior to release.

4.3.6
4.3.6.1
4.3.6.1

The orfanization shall plan and carry out the ifistallation process under controlled con
I

Contro

type, class, grade or other unique identification,

title or other positive identification, and applicable issues of specifications,*d
cess requirements, inspection instructions, relevant standards and other r

cess equipment and personnel, and

quality system standard (if applicable) to be applied.

ganization shall review and approve purchasing documents for adequacy

Installation process
Control of installation process

1 General

ed conditions shall include, as applicable:

availability of information that describes the characteristics required,
availability of work standardsi\as necessary,
sistency of assembly process, such as the handling of modules during assembly

use of suitable facilities, tools, and equipment, including the availability and
Asuring and test equipment, and

implementatiop-ef/monitoring and measurement.
2 Records requirements

ented information of reviews of any changes made to the system design or inst
5 during system installation shall be retained.

rawing,
plevant

hnical data, including requirements for approval or qualification of product, procedures,

of the

ditions.

use of

Allation

a) the
b) the
c) con
d) the

me
e) the
4.3.6.1
Docum
proces
This re
a

O

sys

o O

sys

D

pre

—h
-

direment Is applicable 10 any cnanges In tne design Inciuding.

components record, including factory test report,

tem layout record, including size and location of components,

tem wiring record, including cable size and route table,

)
)
) transportation record, including on the road vibration meter report,
)
)

servation required),

module clamping record, including tightening torque check,

storage record, including periodic temperature and humidity report (where component

g) assembly records such as module handling record, including all stages of transportation
and manual handling (see IEC 62759-1).
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Additionally, records should be retained to document control of the installation process,
including audits, non-conformances, and corrective actions, and as defined by the records
system developed in 4.1 and 4.4.

4.3.6.2 Validation of installation processes

The organization shall validate any processes for installation where the resulting output
cannot be verified by subsequent monitoring, measurement or test and, as a consequence,
deficiencies become apparent only after the system is in use.

NOTE Examples of such processes include welding of structure during installation, crimping of wires, riveting of
structures, handling of modules, and torqueing of fasteners.

Validatjon shall demonstrate the ability of these processes to achieve planned results)

The organization shall establish arrangements for these processes including, as applicgble:

a) deflned criteria for review and approval of the processes,
b) approval of equipment and qualification of personnel,

c) usq of specific methods and procedures,

d) re

e) requirements for records.

alidation,

4.3.6.3 Component identification and traceability

The ofganization shall identify the material/component by suitable means thrqughout
installation.

The organization shall identify the material/component status with respect to monitoring and
measufement requirements throughout installation.

Where |traceability is a requirement,*the organization shall control the unique identification of
the material/component and retain-records.

At a mjnimum, the organization shall record the component manufacturer and part nuymbers.
For critical components,s:unique identification number (e.g. serial number) shall dlso be
recorded, and any otherrequired information.

4.3.6.4 Customer property

The orpanization shall exercise care with customer property (including intellectual property
and persohal® data) while it is under the organization's control or being used py the
organization.

The organization shall identify, verify, protect and safeguard customer property.

If any customer property is lost, damaged or otherwise found to be unsuitable for use, the
organization shall report this to the customer and retain records.

4.3.6.5 Component handling and storage

The organization shall protect the PV system components during delivery to the intended
destination (including qualification of packaging to IEC 62759-1) and during on-site storage in
order to maintain conformity to requirements.

Protection shall include identification, handling, packaging, storage and other protection from
damage. Protection shall also apply to the constituent parts of a PV system component.
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PV system components delivered to the work area shall be so positioned, or protected when
necessary, to ensure that the quality of the item will not be de-graded by the construction
activity or local environment at installation site.

The cleaning of important materials and equipment for the system that is necessary during
receiving, storage, and handling activities shall be in accordance with applicable requirements.

Cleaning compound should not cause any environmental impact and may be subject to local
regulations.

4.3.7 Construction tools, supplies and equipment

The usle, location, and deployment of construction tools, supplies, and equipment\shall be
controlled to keep access and work areas clear and to prevent conditions that will adyersely
affect quality and/or safety of components and/or installation.

Dependling on the local situation, it may be necessary to provide sourges)of power,| water,
commynication, and transportation (including roads that are of highcenough quality that
traversjng them will not cause damage to components). These reséurces should be| put in
place ip a timely way, typically at the time when the land is prepared to begin installation.

4.3.8 Control of measuring and test equipment
4.3.8.1 General
The ornganization shall determine the measurement®and tests to be undertaken and the

measuring and test equipment needed to provide‘\evidence of conformity of installgtion to
determjned requirements.

The organization shall establish processes* to ensure that measurement and test ¢gan be
carried|out, and in a manner that is consistent with the measurement and test requirements.

4.3.8.2 Calibration

Measufing and test equipment shall be initially calibrated, and then maintained [verified and
adjustdd (as required)] at.prescribed intervals or, prior to use, against certified eqyipment
having |known valid relationships to nationally or internationally recognized standards.

Calibration shall cover.the intended measurement range.
If no recognized_standards exist, the basis for calibration shall be documented.

4.3.8.3 Verification

The method and interval of verification for each item shall be defined, based on the type of
equipment required, accuracy, intended use, and other conditions affecting measurement
control.

Verification shall be performed when the accuracy of the equipment is suspected at any time
within the verification interval, and the frequency reviewed.

4.3.8.4 Non-conformance

When measuring and test equipment is found to be out of calibration (OOC), an evaluation
shall be made and documented of the validity of previous inspection or test results and of the
acceptability of items previously inspected or tested. OOC devices shall be tagged or
segregated and not used until they have been recalibrated. If any measuring or test
equipment is consistently found to be out of calibration, it shall be repaired or replaced.
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4.3.8.5 Commercial devices

Calibration and control measures may not be required for rulers, tape measures, levels, and
other such devices, if normal commercial equipment provides adequate accuracy.

Inspection shall be performed on the condition of such devices at periodic intervals. These
devices shall be replaced when they lose their functionality, e.g. the graduations wear out or
are damaged.

4.3.8.6 Handling and storage

Measuring and test equipment shall be properly handled and stored to maintain accuracy.

4.3.8.7 Records requirements

Records of the results of calibration, verification, and non-conformance shall be-retained and
equipment shall be suitably marked to indicate calibration status.

4.4 Monitoring and measurement
4.41 Verification of purchased product

The organization shall establish and implement the inspectionor other activities necesgary for
ensurirlg that purchased components meet specified purchase requirements.

Where | the organization or its customer intends to{perform verification at the supplier's
premises, the organization shall state the intended\verification arrangements and method of
produci release in the purchasing information.

4.4.2 Inspection and monitoring

Inspecfions required to verify conformahce to specified requirements shall be planngd and
executed per plan. Characteristics to-be inspected and inspection methods to be enployed
shall bg specified. Inspection results shall be documented. Inspection for acceptance ghall be
perforr;red by persons other thanthose who performed or directly supervised the work being
inspecfied.

Inspecfion hold points.(may be required. These are points in the construction procgss for
which if is mandatory'\to stop work and work shall not proceed without the specific consent of
the designated representative. These specific hold points shall be indicated in documents
described in 4.3~ c) and 4.3.6.2. Consent to approve demonstrated or waive specified
inspection hold-points shall be recorded prior to continuation of work beyond the designated
hold pqint.

Inspec tivities,

where necessary to verify conformity.

Where the conformity of the resulting output cannot be readily or economically verified,
monitoring of processing methods, equipment, and personnel shall be provided.

In some instances where either inspection or monitoring is inadequate, both inspection and
process monitoring should be performed.

Inspections shall be performed to verify that the prerequisites for control of construction
processes such as structural bolting, and concrete measuring, mixing, transporting, placing,
and curing have been accomplished. These inspections shall include verification of the
following:

a) the process has been qualified as required;
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process controls are in effect;

approved procedures, instruction manuals, or both, if required for specific equipment, are
available for use during construction;

the process is suitable for the particular application;

personnel, equipment (including measuring and testing equipment), and materials are
readily available and adequate to perform the work in accordance with drawing and
specification requirements.

Inspection of soils and earthwork shall include preparations for earthwork, as well as in-
process inspections of placing and compacting operation, to ensure conformance to
applicable requirements.

Controls, where required, shall be established and documented for the coordinatipn and
sequencing of these activities at established inspection points, and during successive|stages

of condtruction.

4.4.3 Measurement and test

4.4.3.1 General

The organization shall apply suitable methods for measurement.and, where applicable,| test of

the insfallation processes.

When ¢getermining suitable methods, the organization<shall consider the type and extent of
measufement or test appropriate to each of its processes in relation to their impact|on the

conformity to installation requirements.

Callbrated torque wrenches shall be used~when tightening clamps and connectiops that
are|required by the design to be tightened 10 a specified torque.

When [conformity is not achieved, correction and corrective action shall be taken, as

appropriate.

4.4.3.2 Test

Tests |required to verifys conformance to specified requirements and to demopnstrate
satisfagtory performance-for operation shall be planned and executed. Characteristicg to be
tested pnd corresponding test methods shall be specified. Test results shall be documented

and thgir conformanee with acceptance criteria shall be evaluated.

Tests required(to collect data, such as for siting or design input, shall be planned, exg¢cuted,

documeénted,“and evaluated.

4.4.4 ' Ongeing-installation-monitering

In addition to the items above, the organization shall define an ongoing/periodic monitoring
program during installation to ensure that critical specifications are met. For example (where
applicable), that:

a)
b)

The right PV modules are used per drawing (ratings, cable ratings, orientation).
PV module clips and attachment devices are correct, including torque.
PV module inter row distance is correct.

PV module spacing is correct and flatness of module support structures is within design
specification.

Appropriate PV connectors are used to ensure compatible mating and connections are
made properly.

Inter module wiring, connectors and DC cables are correct.
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g) Cables are supported at specified distances, not taut and stressed and bend radii are
adequate.

h) If cable tray is used, thermal and corrosion protection provisions are in place.
i) Cable test certificates are in place.
j) Electrical connections are torqued appropriately.

k) Electrical connections made with dissimilar metals are compliant with requirements to
minimize corrosion.

1) Material quality reviews for the foundation and mounting structures are completed.

m) Caution markers are used near trenches.

n) Adfmmmmmmmimm tremcihes:
o) Compaction tests are completed before closing off trenches.

p) Calble trenches are documented before/after placing of the cables.

gq) Manpufacturer test certificates are completed for all cables.

r) The right module/pallet unpacking techniques are used.

s) Conduit is properly installed and glued where required, openings.aré sealed.

t) Expansion/contraction joints are integrated as required for cable runs.

u) String scheme is implemented correctly with appropriate labelling.

v) Lalhels are done according to Single-Line Diagram (SLD)\drawing and local codes.
w) Grqunding installations are complete according to dfawings to ensure continuity.
x) Wi

ning terminations are done per drawings and eguipment manufacturer guidelines.

The meonitoring program shall include definitiopr,of the information recorded. Complgtion of
monitofing may be indicated as a check mark<or “pass”. However, when monitoring invplves a
measufement, the measured value should\be recorded. Where appropriate, photagraphs
should|be used as evidence of the monitaring.

documenting underground cablesCor grounding connections that may no longer be visjble for

PhotogFlphs may be the best way to document certain types of monitoring. For example:
inspecfion after completion of the plant.

4.4.5 Commissioning.upon installation completion

The organization shall~define a final inspection program that is compliant with IEC 62446-1
and mgy use IEC62446-2 and IEC 62446-3.

4.4.6 Internal audit

4.4.6.1 General

The organization shall conduct internal audits at planned intervals to determine whether the
processes implemented and their activities:

a) conform to the planned arrangements and requirements established by the organization
and, to the requirements of this document, and

b) are effectively implemented and maintained.

An audit program shall be planned, taking into consideration the status and importance of the

processes and areas to be audited, as well as the results of previous audits. The audit criteria,
scope, frequency and methods shall be defined.

The selection of auditors and conduct of audits shall ensure objectivity and impartiality of the
audit process. Auditors shall not audit their own work.
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The organization shall define the responsibilities and requirements for planning and
conducting audits, establishing records and reporting results.

The management responsible for the area being audited shall ensure that any necessary
corrections and corrective actions are taken without undue delay to eliminate detected
nonconformities and their causes.

4.4.6.2 Records requirements

Documented information shall be retained as evidence of the implementation of the audit
program and the audit results.

Audit rgcords shall include audit plans, audit reports, corrective action response, and the'\rgcord of
completion of corrective action including objective evidence.

4.4.7 Control of non-conformances
4.4.71 General

The organization shall ensure that system components which do not\conform to requirements
are ideptified and controlled to prevent unintended use.

The organization shall ensure that installation activities thatydo not conform to requirements
are ideptified and quarantined until remediated.

The organization shall define the controls and related responsibilities and authorifies for
dealing with nonconforming system components ard’installation activities.

Where |applicable, the organization shall deal with nonconforming system components and
installation activities by one or more of the-following ways:
a) by taking action to eliminate the detected nonconformity;

b) by Jauthorizing its use, releasei-or acceptance under concession by a relevant aulithority
(process and designated relevant authority shall be documented) and, where applicable,
approved by the customer,

c) by taking action to preelude its original intended use or application;
d) by taking action appropriate to the effects, or potential effects, of the nonconformity when
norjconforming_product is detected after delivery or use has started.

Non-cgnformances to design requirements dispositioned use-as-is or repair shall be subject to
design|contrel-measures commensurate with those applied to the original design.

When ponconforming system components and installation activities are corrected thdy shall
be subject to re-verification to demonstrate conformity to the requirements.

4.4.7.2 Records requirements

Documented information describing the nature of nonconformities and any subsequent actions
taken, including concessions obtained, shall be retained.

The disposition (such as use-as-is, reject, repair, or rework) of nonconforming items shall be
identified and documented.

Technical justification for the acceptability of a nonconforming item (dispositioned repair or
use-as-is) shall be documented.
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The as-built records and relevant ongoing inspection or maintenance records shall reflect the
accepted disposition and ongoing management as a result of the disposition, if appropriate.

448
4.4.81

Corrective action

General

The organization shall take action to eliminate the causes of existing nonconformities in order

to prev

ent recurrence.

Conditions adverse to quality shall be identified promptly and corrected.

In the
determ

The id
shall b

be takgn to verify implementation of this corrective action at all impacted nstallations.

Correc

The organization shall define requirements for:

a) rev

b) determining the causes of nonconformities,

c) evdluating the need for action to ensure that aohconformities do not recur at all im
insfallations,

d) determining and implementing action needed for all impacted installations,

e) recprds of the results of action taken; @nd

f) rev|ewing the effectiveness of the corrective action taken at all impacted installations.

4.4.8.2 Records requirements

The identification, cause, and corrective action for significant conditions adverse to

shall b
action

44.9

4491

The orTanization shall determine action to eliminate the causes of potential nonconforni

case of a significant condition adverse to quality, the cause of the condition\s
jned and corrective action taken to preclude recurrence at all impacted installatiq

pntification, cause, and corrective action for significant conditions adverse to
e documented and reported to appropriate levels of management; foelow-up actig

ewing nonconformities,

e documented and.reported to appropriate levels of management; including fo
o verify implementation of this corrective action.

Preventive-action

General

ive actions shall be appropriate to the effects of the noncopformities encountered.

hall be
ns.

quality
n shall

pacted

quality
low-up

ities in

nroavant ocouirran o

order t6-prevent-eceurrenece-

Preventive actions shall be appropriate to the effects of the potential problems.

The organization shall define requirements for:

a) det

ermining potential nonconformities and their causes,

b) evaluating the need for action to prevent occurrence of nonconformities,

c) det
d) rec

ermining and implementing action needed at all impacted installations,

ords of results of action taken, and

e) reviewing the effectiveness of the preventive action taken at all impacted installations.
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4.4.9.2 Records requirements

The identification, cause, and corrective action for significant conditions adverse to quality
shall be documented and reported to appropriate levels of management; including follow-up
action to verify implementation of this corrective action.

4.4.10 Continual improvement
4.4.10.1 General

The organization shall continually improve the effectiveness of the Quality Assurance program
through the use of the audit results, analysis of data, corrective and preventive actions. Data

1 aa—f ottt +h il al tea s e o ama ot o baoll il A - O-0-C U V)
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data aq described in 4.3.3 and as described in 4.4.10.3.

4.4.10.2 Records requirements

Docun;fnted information should be retained to document any reportedAfailures at pfevious
installations, the root cause analysis that was completed, and the actions“that were taken to
prevent recurrence of the problem across the fleet.

These fecords should include collected data and associated analysis for proactively cqllected
data flom completed systems as described in 4.3.3 in ©rder to demonstrate that the
organigation responsible for installation proactively learns(_from past projects (rather than
learning from past projects only when a customer identifies a serious problem) and ppplies
the leafning across the fleet.

4.4.10.3 Collection of systems performance data to aid in continual improvement
4.4.10.5.1 General

Toward the purpose of identifying whetherthe design has been successfully implemented and
whether there are opportunities to jmprove the installation quality, the organization shall
compate the predicted (based on, historical weather data), expected (based on measured
weathdr data, if available), and-measured energy production (see IEC TS 61724-3) for each
system|installed.

This shall cover at least the installation warranty period and preferably at least the| first 5
years pf operation (to~provide a benchmark for module and system degradatiop), but
preferably should «be” done for the life of the installation per agreement with the
owner/pperator.

50 % of the-time period, or for portfolios with multiple similar projects, preferably for at least

If complete-data for the first 5 years are not available, data should be available for ?{ least
50 % of the projects.

Data shall include at least the annual total energy production; however, more frequent and
more detailed measurements are recommended.

4.4.10.3.2 Records requirements

Documented information shall be retained to compare the predicted (based on historical
weather data), expected (based on measured weather data, if available), and measured
energy production (see IEC TS 61724-3) for each system that has been constructed with the
purpose of using the results of this data to improve future systems, as described in 4.3.3.

Records shall be kept in accordance with the organization’s policy.


https://iecnorm.com/api/?name=3ccc874458085ea340c84bf11019a7ae

IEC TS 63049:2017 © IEC 2017 -21-

NOTE Such records may be transferred to the succeeding entity claiming ownership of the installation to facilitate
long term trending of system performance. The installer may make arrangements with the owners to gather ongoing
feedback about system performance even after the transfer for continuous improvement long term.

4.5 System documentation for owner

Documented information (e.g. as-built drawings) needed for long-term maintenance and
operation of the system shall be transferred to the owner or the party maintaining the system
with clear communication of the importance of these documents being retained in a readily
identifiable and retrievable way for the life of the system. Any irregularities or deviations
during the construction process should be included in the information package transferred to
the owner.

These fecords include as-built drawings, electrical schematics, component data sheefts, any
installation and owner’s manuals, any available recommended maintenance and.emgrgency
procedres, and contact information for the system designer and installer.

5 Requirements for PV system operations and maintenance (0&M)

5.1 Records requirements
511 Records system

A records system(s) shall be established by the organization responsible for the O&M at the
time when the O&M support is initiated and in compliance with the requirements |of this
document, IEC 62446-2, and any other applicable contractual and regulatory requiremepnts.

A records system(s) shall be established by the 6tganization responsible prior to the start of
O&M attivities.

Records established to provide evidencezof conformity to requirements and of the effective
operatipn of the Quality Assurance program shall be controlled.

The organization shall define the-controls needed for the identification, storage, profection,
retrievgl, retention and disposition of records.

Records shall remain legible, readily identifiable and retrievable.

5.1.2 Generation.of records

The applicable)O&M procedures, operational procedures, or other documents shall spegify the
recordg to be-generated, supplied, or retained by or for the owner, using IEC 6244642 as a
guide.

Documented information that is designated to become records shall be accurate, and
completed appropriate to the work accomplished.

5.1.3 Record validation

Documented information shall be considered valid records only if stamped, initialled, or
signed and dated by authorized personnel or otherwise authenticated, e.g. electronically
validated.
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5.2 Resource management

5.2.1 Training programs

5.2.1.1 General

The organization shall maintain a training program that includes training identified to be

critical to success, including familiarity with relevant sections of the technical documents
described in Annex B.

5.2.1.2 Records requirements — training

Documented—information—of nmplnynn fr'ginir\g relevant-to-the relevant O&M activities shall
include] the type of training and date of completion.

5.2.2 Succession planning

The organization shall plan for succession for key functions that affect customer satisfaction,
quality reliability, safety, and performance, including the O&M personnel;

5.3 PV system operation and maintenance
5.3.1 General

The ornganization is required to implement the requirements in accordance with tHis IEC
document for the needed planning and development,of jprocesses for PV system opleration
and mgintenance.

5.3.2 As-built information

Documegnted information (e.g. as-built drawings) needed for long-term maintenan¢e and
operatipn of the system shall have been:{ransferred to the owner or the entity maintaining the
system| with clear communication of the*importance of these documents being retained in a
readily|identifiable and retrievable way-for the life of the system.

These frecords include as-built drawings, electrical schematics, component data sheets, any
installation and owner’s manuals, any available recommended maintenance and emgrgency
procedpres, and contact information for the system designer and installer.

5.3.3 Determination of requirements

The onganization® shall determine applicable operational guidelines based on component
manufgcturetsirequirements (e.g. cleaning requirements) and from relevant IEC publications
and lodal codes for documenting O&M processes using IEC 62446-2 as a guide.

The O&M processes shall also reflect lessons learned from O&M records and analysis as
described in 5.6, and response to customer complaints or other interested parties.

Input data for this process shall be proactively collected including:

a) Analysis of performance of PV systems relative to the expected performance during the
warranty period or longer.

b) Periodic inspections of the PV systems to identify evidence of problems, as described in
IEC 62446-2:—, Clauses 10 and 11. Visual inspections may be supplemented by infrared
and luminescent imaging (see IEC 62446-3).

This information may be collected and reviewed by the O&M entity, by the system owner, or
by another entity. Regardless of the method of collection of the information, the organization
shall include this proactively collected data when determining requirements.
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These determined requirements shall be complied with through the establishment of O&M
procedures and processes.

5.3.4 Customer communication

A process shall be developed to ensure proactive communication with customers (e.g. the
owner) when a problem is identified with a relevant system.

A process shall be developed to respond to customer issues during operation by
understanding the problem, evaluating the root cause, identifying a solution, and
implementing that solution to the satisfaction of the customer.

5.3.5 Spare and replacement parts

All parts purchased for the purpose of performing maintenance on the system shall=conform to
specifi¢ations of the as-built design.

using reasonable change-management process and approved by-the customer prior to

If repl}.ed parts differ from the original, the replacement parts shall go(through qualifications
being qubstituted.

All chgnge management program procedures and results shall’ be retained in the fecords
system| including the specifications of the new part that was installed.

5.3.6 Tools, measuring, and test equipment
5.3.6.1 General

The organization shall determine the measurements and tests to be undertaken and th¢ tools,
measufring, and test equipment needed to adequately provide O&M services.

Tools, measuring, and test equipmentyused by the O&M personnel or contractors performing
work aj the system shall have the @ppropriate ratings, capabilities, and current certifications
to perform the work required safely and accurately.

Personnel using the equipment shall wear appropriate safety gear and be adequately [trained
and quplified to use the tools, measuring, and test equipment on the system equipmenit being
serviced.

5.3.6.2 Calibtation

Measufring and"test equipment shall be initially calibrated, and then maintained [verifi
adjustgd (as’required)] at prescribed intervals or, prior to use, against certified equi
having| known valid relationships to nationally or internationally recognized stampdards,
including IEC 62446-2, where applicable.

If no recognized standards exist, the basis for calibration shall be documented.

5.3.6.3 Verification

The method and interval of verification for each item shall be defined, based on the type of
equipment required, accuracy, intended use, and other conditions affecting measurement
control.

Verification shall be performed when the accuracy of the equipment is suspected at any time
within the verification interval, and the frequency reviewed.
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5.3.6.4 Non-conformance

When measuring and test equipment is found to be out of calibration (OOC), an evaluation
shall be made and documented of the validity of previous inspection or test results and of the
acceptability of items previously inspected or tested. OOC devices shall be tagged or
segregated and not used until they have been recalibrated. If any measuring or test
equipment is consistently found to be out of calibration, it shall be repaired or replaced.

5.3.6.5 Commercial devices

Calibration and control measures may not be required for rulers, tape measures, levels, and
other such devices, if normal commercial equipment provides adequate accuracy.

Inspecfion shall be performed on the condition of such devices at periodic intervals.| These
devices shall be replaced when they lose their functionality, e.g. when the graduations wear
out or are damaged.

5.3.6.6 Handling and storage

Measuting and test equipment shall be properly handled and storedo maintain accuragy.

5.3.6.7 Records requirements

Records of the results of calibration and verification shall’be“maintained and equipment shall
be suitpbly marked to indicate calibration status.

5.3.7 Maintenance planning and tracking
5.3.7.1 General

The oifganization shall determine the reguired maintenance (e.g., predictive, preventive,
correctjve, etc.) to be undertaken and an“appropriate system to document and report dn such
maintepance needed to adequately proyvide O&M services, using IEC 62446-2 as a guide.

5.3.7.2 Planning and scheduling

The organization shall have an effective method for planning and scheduling the rg¢quired
maintepance to be undertaken and an appropriate system to document and report on such
planning and scheduling-methods to adequately provide O&M services.

5.3.7.3 Maintenance management system

The syptem(s) used for maintenance management shall be capable of accurately recording,
tracking, and'reporting on:

o failures, causes, and corrective actions

e corrective and preventive maintenance required and performed
e parts and material usage and cost

e resource usage and cost

e open and closed work orders

e spare parts inventory

e equipment information

e warranty information and work performed

e vendor and subcontractor information
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5.3.7.4 Records requirements

a) Failure tracking and reporting, including that the identification, cause, and corrective
action for significant conditions adverse to quality shall be documented and reported to
appropriate levels of management; including follow-up action to verify implementation of
this corrective action.

b) The disposition (such as use-as-is, reject, repair, or rework) of nonconforming items shall
be identified and documented. Technical justification for the acceptability of a
nonconforming item (dispositioned repair or use-as-is) shall be documented.
Non-conformances to design requirements dispositioned use-as-is or repair shall be
subject to design control measures commensurate with those applied to the original
design The as-built records, if such records are required, shall reflect the accepted

c) Dogumented information shall be retained of:
o |Reviews of any changes made to the O&M procedures
. omponents record for replacement parts, including factory test report
¢ [Modifications to the system
. torage record for spares, including periodic temperature and:hUmidity report
e |[Equipment testing

e |Data collection
5.4 ystem monitoring

The organization shall have a method of remotely.and/or locally monitoring the systems to
adequdtely identify fault or low-performance conditions and provide O&M services.

The sylstem monitoring shall be capable ofxreporting the status of available points|for all
critical|system equipment including: network communications, protective, metering, |safety,
and enfvironmental devices in time intérvals to adequately provide O&M services, as
appropriate for the size of the system,

5.5 Internal audit
5.5.1 General

The organization shall.conduct internal audits at planned intervals to determine whether the
processes implemented’and their activities:

a) corfform to the-planned arrangements and requirements established by the orgarnization
and, to the'requirements of this document, and
b) are|effectively implemented and maintained.

An auditprogramshattbeptamed;,taking-mtoconsiderationthe—statos—and-importance of the

processes and areas to be audited, as well as the results of previous audits. The audit criteria,
scope, frequency and methods shall be defined.

The selection of auditors and conduct of audits shall ensure objectivity and impartiality of the
audit process. Auditors shall not audit their own work.

The organization shall define the responsibilities and requirements for planning and
conducting audits, establishing records and reporting results.

The management responsible for the area being audited shall ensure that any necessary
corrections and corrective actions are taken without undue delay to eliminate detected
nonconformities and their causes.

The audit program may be combined with the continual improvement program described in 5.6.


https://iecnorm.com/api/?name=3ccc874458085ea340c84bf11019a7ae
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