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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC POWER SYSTEMS (PVPSs) -
ROADMAP FOR ROBUST RELIABILITY

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote internctional
co-operation on all questions concerning standardization in the electrical and electronic fields. To this ena and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical k. nor..
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s,"). \eir
preparation is entrusted to technical committees; any IEC National Committee interested in the subjc~t de !t with
may participate in this preparatory work. International, governmental and non-governmental orgai “zatic 2s iaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the *w~o organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as pcccibi 2, an international
consensus of opinion on the relevant subjects since each technical committee has reprec :ntation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use ¢ncd a.> accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure . at th» technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in whi i they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees inuertake to apply IEC Publications
transparently to the maximum extent possible in their national and re gional publications. Any divergence between
any IEC Publication and the corresponding national or regional publi atic 1 shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Inc=pe: dent certification bodies provide conformity
assessment services and, in some areas, access to IEC ...arkc of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, emloye~rs, servants or agents including individual experts and
members of its technical committees and IEC N=tio, al Cummittees for any personal injury, property damage or
other damage of any nature whatsoever, wheati er direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication"u.s ¢!, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative rei rences cited in this publication. Use of the referenced publications is
indispensable for the correct applicat.on o. this publication.

Attention is drawn to the possitii. "/ tha. some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held r »sorsible for identifying any or all such patent rights.

The main task of IEC tec.>nical committees is to prepare International Standards. However, a
technical committec ma ' propose the publication of a technical report when it has collected
data of a different kin''-irom that which is normally published as an International Standard, for
example "state  f the ar.”.

IEC TR 63252 which is a technical report, has been prepared by IEC technical committee 82:
Solar pl otovoltaic energy systems.

“1e wxt o this technical report is based on the following documents:

Enquiry draft Report on voting
82/1671/DTR 82/1716/RVDTR
82/1716A/RVDTR

Full information on the voting for the approval of this technical report 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.
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Mandatory information categories defined in this document are written in capital letters; optional
information categories are written in bold letters.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication inaicates
that it contains colours which are considered to be useful for the correct ''\ndersianding
of its contents. Users should therefore print this document using a celour printer.
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INTRODUCTION

Reliability of a PVPS or its components is perceived in many ways depending on the perspective
of the observer. This document addresses many of these perspectives ranging from component
failures to the human factors needed in operations and maintenance (O&M) of a PVPS.
Technically, reliability is the probability that a product or a system will perform its intended
functions satisfactorily without failure and within specified performance limits for a specified
length of time, operating under specified environmental and operational conditions. Stated as
such, reliability analysis is a physics problem in that it includes what, how, and why of failure.
Reliability is determined by a variety of factors (failure modes) and each failure mode is
generally characterized as an average or mean time to or between failure or by failure rates
(commonly failures per unit of time) or by failure distributions. Causes include fcilure
mechanisms such as overstress and below specification strength, natural and i duc~d
environmental exposures, chemical aging, radiation, and other factors such as viealr o,
intermittent manufacturing quality or shipping and handling induced damage that.lea' to a
component failure. The failed items will need repair or replacement through . fui.~t'on of
maintenance actions. Reliability analysis and best practices should be applied throcqghout the
concept and design phases to identify, pre-empt, prevent, forestall, or mitiga‘e such failures
during planned operation. Cognizance of reliability factors is important for v.:ners, and others
performing project or program financial and technical risk asset manageme:t.

Acquiring data to find and understand failure trends, spares forecas. 1g, i nanpower forecasting,
obsolescence planning and repeating component failures requires . management focus to
mitigate or eliminate recurring issues and document accurcte failure tracking. The ability to
estimate the resulting loss of Photovoltaic Power System (PVF ) capability forms the basis for
how to allocate time, power, energy and even cost for (eporting reliability metrics or, more
directly, unreliability due to failure events and/or trendc. wii<n in turn, necessitate corrective
actions.

Assuring reliability can generally be viewed as two _pccific and major interrelated efforts:

a) concept and design phase, and
b) the operational and maintenance (OcM, pniase.

During concept and design eviderce Hf yrior product failures and system history and current
testing data are used to estimat> ti = reliability of the system(s). The evidence comes in the
form of data from historical opcration of existing plants that has sufficient breadth of information
to provide the basic reliabi'ity infoimation as well as attributes such as the failure distribution
(e.g., normal, Weibull, expcieniial, etc.), failure mechanisms and failure modes, and required
corrective actions. With -apidly advancing technologies the concept and design phases also
require using enginecring judgement, experience, design trade-off assessments, and
design/reliability tes'ino of new components for developing failure models. For instance,
understanding the phycics of failure applies to the design assessment.

During O&N:.. th> owner/operators and the O&M contractor implement a failure detection and
data acauisiticn system that likewise provides data for analysis of the current failures including
root ~au. e, failure modes, and failure rates by documenting and tracking the failures and then
ush a the data to develop corrective action plans and when feasible changing the design to
u>conmoJate new stresses or to correct a flawed design.

Etrective reliability practices will reduce overall system costs through reduction of failures and
their consequences. There are initial costs associated with design analyses and reviews,
component selection, and analysis of reliability testing. In this context, reliability should be
viewed as an investment in the plant or company future. Failure to perform reliability practices
results in a low reliability product and its ramification of extended costs for field repairs and
replacements, impact to energy generation, problems during warranty, or worse, the loss of
business.
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This document continues the effort started with the availability technical specification (IEC
TS 63019). Availability is closely related to PVPS operational capability, health and condition
and to produce energy and is a real-time or historical measure. The availability of a system or
component is impacted by contractual and non-contractual reliability specifications,
maintenance metrics and a corresponding maintenance and repair strategy, and also external
factors such as site environmental and grid conditions. Reliability has a focus more closely
aligned on the capability of the components, their health and condition, systems to sustain
production, and what manner of operations, maintenance, analysis and actions are effective for
economic asset management of the PVPS.

The PV industry has had a recent period of rapid growth of installations. Existing PV plants are
starting to age. Concurrently, new and evolving products are being introduced and a laeck of
reliability data is a general issue of concern as often there is insufficient testing or test«datc to
properly assign the reliability attributes to these new technologies. This goes to the inte xded
function of the systems, which is a topic for addressing through reliability analyses to deiormine
the impact of known and unknown (postulated) failures and/or the effects of ur.Yarestirnated
declining performance. There has been expressed levels of dissatisfaction for many olants not
meeting power/energy expectations and, in some cases, this has led to plai't shutdowns or
expensive upgrades or down rating (derating) of the plant. In some instancec, th2 loss of or the
renegotiations of power purchase agreements has also occurred.

Clarity is needed to specifically address issues of the intended func.on .2t meeting appropriate
specifications, and to numerically assess reliability performance ~nd economic impacts.
Throughout, there is competition in the market with cost presc-uri:s and without the expectations
of continuous process improvement, those pressures will conti»uclo exist.

The motivation for addressing reliability in the img'en.2mcton and operation of a PVPS is
founded in the desire for long lasting energy performanc=, energy production, secure production
and revenue, and safe function. Management of’a PV+'S may come in many forms, but for
reliability to be properly addressed, it is derived fro.n = commitment to establish practices from
the beginning development of concept and plans to take necessary actions and financial
investment to ensure results and avoid the ccstsf unreliability. The commitment for reliability
must begin at the highest levels of the orcan:zation and for those who have financial risks in
the project, the course of action must-L~ u=afined and implemented in a manner similar as that
of environmental safety, health and cirali'y. This document is supportive of that approach and
defines methodology for accomplis. meiit.

An intention of this documerici> to ue a precursor examination of the reliability issues for further
address in a task to produc-~"an IEC Technical Specification on this topic.

While this document ia »ntifies reliability tools, topics and procedures, there are commercial
products available to ne:form analyses and there is no assessment of those tools or to provide
recommendatiz s for 01 e tool over another in this document.


https://www.stdhive.com/standards/bs-pd-iec-tr-632922020-pdf/

PD IEC TR 63292:2020

-8 - IEC TR 63292:2020 © IEC 2020

PHOTOVOLTAIC POWER SYSTEMS (PVPSs) -
ROADMAP FOR ROBUST RELIABILITY

1 Scope

PVPS component and system reliability engineering works to define the PVPS probability of
making the indicated value such as energy or revenue, also at a given statistical confidence
level for an estimate. This needs to be assessed properly as an accurate levelized cast of
energy (LCOE) results from identifying and acting on a set of quantifiable metrics based u,on
real measured data of actual plants under the widest variety of real site conditions. In \aan
instances, the use of P numbers (which stands for "percentile") may not be clearly unde-stcod
and as a result, inappropriate conclusions drawn which have a financial result. @ vclues are
used to establish the confidence that one can require to provide the assurance that the item
will meet specification. A P50 value, for example, provides that there is a 50 % contidence in
the value used in reliability predictions. This value of confidence translates to.the median of the
population or in other words, it is equivalent to a coin toss on whether the valuv is valid. It is
better to have a higher confidence that the system will work to speciiicat.on. For reliability
metrics, this is typically defined as being a P90 or P95 value:. I:is ievel of confidence
significantly characterizes financial and technical risk plant availabili.v.

The failure rates and mode become important for predicting ™ vz failures. In a worst case,
significant wear out failures may be indicative of serial feilures and attention is warranted. A
needed caution is the components may have multiple fail.xa .nodes and root cause analyses
may be useful discerning the failure modes.

The LCOE calculations may not adequately include .2l the relevant costs, i.e. all-in costs, and
risks which create further uncertainty. That uncertainty has a high probability of coming to
inaccurate conclusions and choices.

Ideally, the owners, maintainers anc v serciors should look for reliability issues early in the
concept, system, and hardware and s “«twire design engineering efforts. Otherwise, the defects
in software code and poor desigi: 0. weak components will manifest themselves in a multitude
of unexpected failures resultira ir unwanted and unexpected risks and costs.

In addition, there is anotter :sie that is a by-product of unexpected costs. Organizational angst
is the result of not addi xssing issues at specification prior to design that in turn results in
organizational effort tin 2, and expense in the solving of problems (often originally simple) that
become quite compii~2.ed after the plant has been built. Because this effort may not be
adequately buzaeted, ond places additional stress on the organization, it tends to have a
negative impc =t 0.) the human performance of scope and adds risk to the PVPS performance.

Without analysis of accurate field data and metrics, there are a series of negative results that
includ'= Lnidentified or unexpected levels of plant failures and degradation. Lack of ongoing
froi conizept to end-of-life project phases) reliability analyses, the results of inaction raise
ui-adaressed costs, risks, reduced plant capacity and capability, and potential for plant derating.
Ml viese issues could potentially result in substantial negative financial impacts to the owners,
insurers, users and/or operators.

Reliability of a PVPS requires a comprehensive approach to identify, maintain, correct, and
understand costs. Some critically necessary specific gaps for the PV industry need
advancement:

a) A standard way to define failure statistics for PV, for PV components and specifically PV
modules where failure can be either catastrophic- or degradation-driven. This can be
accomplished by a bottoms-up fault tree nodal model with further guidance on how each of
the nodal distributions can be derived qualitatively.
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