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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PHOTOVOLTAIC POWER SYSTEMS (PVPS) -
INFORMATION MODEL FOR AVAILABILITY

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

2)

3)

4)

5)

6)

7)

8)

9)

all -

interpational co-operation on all questions concerning standardization in the electrical and electronici]
nd and in addition to other activities, IEC publishes International Standards, Technical .Speci
Techhical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred) to

subject dealt with may participate in this preparatory work. International, governomental ¢
nmental organizations liaising with the IEC also participate in this preparation. |IEG, collaborate
with |the International Organization for Standardization (ISO) in accordance with conditions detern
ment between the two organizations.

rmal decisions or agreements of IEC on technical matters express, as nedrly-as possible, an inte
nsus of opinion on the relevant subjects since each technical committee has representation
sted IEC National Committees.

ublications have the form of recommendations for international (use and are accepted by IEC
ittees in that sense. While all reasonable efforts are made to €npsure that the technical conter
ications is accurate, IEC cannot be held responsible for tHer way in which they are used or|
misinfterpretation by any end user.

In order to promote international uniformity, IEC National.Committees undertake to apply IEC Pul
transparently to the maximum extent possible in their, national and regional publications. Any di
betwgen any IEC Publication and the corresponding natiohatl or regional publication shall be clearly ind
the I3tter.

IEC f{tself does not provide any attestation of conformity. Independent certification bodies provide cq
assepsment services and, in some areas, accessto |[EC marks of conformity. IEC is not responsible
serviges carried out by independent certificationdbodies.

All ugers should ensure that they have the datest edition of this publication.

No lipbility shall attach to IEC or its directors, employees, servants or agents including individual exp
mempers of its technical committees @nd IEC National Committees for any personal injury, property d3
othenl damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fg
expepses arising out of the publication, use of, or reliance upon, this IEC Publication or any o
Publications.

Attention is drawn to the(Normative references cited in this publication. Use of the referenced public|
indispensable for the correct application of this publication.

Atterjtion is drawn«to the possibility that some of the elements of this IEC Publication may be the s
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standa
exceptional.circumstances, a technical committee may propose the publication of a Te
Specification when

promote
elds. To
ications,
as "IEC
terested
nd non-
5 closely
hined by

rnational
from all

National
t of IEC
for any

lications
ergence
icated in

nformity

for any

erts and
mage or
tes) and
her IEC

ations is

Libject of

rds. In
chnical

the required support cannot be obtained for the publication of an International Standard,

despite 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.

IEC TS 63019, which is a Technical Specification, has been prepared by IEC technical
committee 82: Solar photovoltaic energy systems.
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The text of this International Standard is based on the following documents:

DTS Report on voting
82/1447/DTS 82/1505A/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.

Inform4

The co
stabilit
the sp¢q

A biling

tran
rec
with
rep

am

tion model categories are written in capital letters.

mmittee has decided that the contents of this document will remain unchanged (
cific document. At this date, the document will be

sformed into an International standard,
bnfirmed,

drawn,

aced by a revised edition, or

ended.

ual version of this publication may be issued at a later date.

ntil the

date indicated on the IEC website under "http://webstore.iec.ch" in the-data rellated to

IMPOR
that it
of its @

contains colours which are considered to be useful for the correct underst

ontents. Users should therefore print this publication using a colour printefr.

TANT — The “colour inside” logo“on the cover page of this publication indicates

anding
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INTRODUCTION

This technical specification (TS) defines a common basis for the exchange of information on
photovoltaic power system (PVPS) availability metrics among owners, utilities, lenders,
operators, manufacturers, engineer/procure/construction firms, specifiers/designers,
consultants, regulatory bodies, certification bodies, insurance companies, and other
stakeholders. From this diverse group of stakeholders, external and internal interfaces arise
in the operation and delivery of power. Although these are mostly power- and energy-related,
some are informational or for power system control. The intention is for information exchange
on capability- and energy-related data to form a nucleus for separate information needed by
stakeholders, as illustrated in Figure 1.

It idenfifies external and internal elements related to the capability, health, and condttion of
compohents, subsystems, and the system itself, as well as energy production, plant ope¢ration,
and aspet management, which also benefit from a defined set of terms. This is|achigved by
providipg an information model specifying how (PVPS) time designations shall-be assigned by
informgtion categories. An information model facilitates how the unavdilability of {ime of
components, subsystems, and systems, as well as the lost power and other capabilities affect
the PVIPS. The ability to estimate the resulting lost energy and/or doss of PVPS capability
forms {he basis for how to allocate time for reporting availability‘/métrics or, more directly,
unavailability.

Energy 4
I Capacity
Power factor
Regulatory
Regulatory and-grid operations
o Grid operators -and managing org. Otfhef key
Availability Serving utilities, power traders R ivators

Market organizations

External data users — Energy production

Customer / grid

requirements Forecasting

PV Power System

Internal data users — Asset management

L:f;;:‘;';gzl Project developer, designers/manufacturers Sghed;":n"g
enyineering Financiers, insurers, policymakers an
¢ Maintenance provider
i Onarator
Operater
Owners
Parts /
Performance components
modelling
Cost/ Labour
revenues

IEC

Figure 1 — Data stakeholders for a PVPS


https://iecnorm.com/api/?name=e445939389edecc3df76b068b13c9d88

-8 - IEC TS 63019:2019 © IEC 2019

PHOTOVOLTAIC POWER SYSTEMS (PVPS) -
INFORMATION MODEL FOR AVAILABILITY

1 Scope

A common basis of understanding results from defined metrics that can be useful to the
stakeholders, populated by data collected in the operation of the PVPS:

a) To [provide a standarized approach 1o characterize avaltaplity and unavaitabity for a
PVPS.

b) To provide standard methodologies for determining the appropriate forms of availabpility of
the|PVPS during varying time periods, including real-time capability assesSment or longer,
for feporting availablity metrics to stakeholders.

Table 1 — Stakeholder roles and objectives for reliability and maintenance data

Roles Objective
Owner Decision support for investments
Operafor Reporting performahg¢e indicators

Determining availability and weaknesses

Identifyingimaintenance strategies

Servicg provider Maintenance optimization

Optimizing keeping stock of spare parts

Original equipment manufacturers/ Design optimization

supplier

Finandier/insurer Risk assessment

Grid operator Highly reliable and stable bulk power system

Source| International Energy Agency-(IEA)

This document provides a framework from which the availability metrics of a PVPS gan be
derived and reported:’It describes how data are categorized and defines generic infofmation
categofies to which time can be assigned for a PVPS considering internal and gxternal
conditipns based on fraction of time, system health, and condition by specifying the follpwing:

e generic information categories of a PVPS considering availability and production.

e information category priority to discriminate between concurrent categories.

e entry and exit point for each information category to allocate designation of time.

The PVPS comprises all photovoltaic (PV) modules, inverters, DC and AC collection systems,
grid interconnection equipment, the site, its infrastructure, and all functional service elements.
This is further explained in 6.3 and 6.4.

Formulas in this document provide normative guidance for standardization. Beyond that, it is
not the intention of this document to specify exactly how other undefined, time-based
availability metrics shall be calculated. The annexes are examples and guiding principles for
developing methods for calculation and estimation of availability metrics, subject to the
knowledge and concurrence for use by the involved stakeholders. Estimates and calculations
also have recommendations on how they are to be used as part of the informative function.
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It is not within the scope of this document to determine the method of information acquisition.
Relevant IEC documents on data collection and information acquisition are included in the
following normative references. IEC 61724-1 has requirements and IEC TS 61724-3:2016,
6.2.5, specifically identifies measured data on this topic.

Data generated during the operation of a PVPS are valuable, establishing who owns the
monitoring data and who will have access to the data and for what purpose should be
established. Different stakeholders will have different needs, as summarized in Table 1 (IEA).
In Annex E, the monitoring systems are addressed in greater detail.

Availability metrics cannot be derived without important outage information. Questions can
require the PVPS operation to properly collect the requisite data, such as what equipment or
portion[of the plant Is tailing, how long, how oiten, and how much energy Is being.l¢st and
categorized by the information model. Asset management questions include the sourcg of the
outage|(i.e., Whose clock is it on? Was the outage due to internal or external forces What
power and energy was generated? And, what was expected?).

2 Ndrmative 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 (ingluding
any amendments) applies.

IEC T 61724-3:2016, Photovoltaic system performance = Part 3: Energy evaluation me¢thod

IEEE Std 762™-2006, /IEEE Standard definitions-for use in reporting electric generating| unit
reliabillty, availability, and productivity

3 Tefrms and definitions
For the purposes of this document,ithe following terms and definitions apply.

The International Organization for Standardization (ISO) and IEC maintain terminglogical
databapes 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
availability.

where the{PVPS, a subsystem, or a component is capable of providing service, regardless of
whether Tt IS actually i Service and regardiess of the capacity fever that can be provide

Note 1 to entry: Specific definitions and characterizations are provided on availability and related terms
throughout the annexes.

[SOURCE: IEEE 762:2006, 4.1.1, modified — Expansion of the term "unit" to more general
applications for PVPS, subsystems and components.]

3.2

capability

degree to which the component, system, or subsystem is operative and functioning according
to design specifications and control logic with no technical restrictions or limitations beyond
the ones included in the specifications
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3.3

constrained operation

mode of operation of a PVPS in which the outputs of all inverters are limited by the capability
of the equipment rather than by the output from the PV array

[SOURCE: IEC TS 61724-2:2016, 3.1, modified — Definition tailored to the case of PVPS and
references to DC and AC ratings omitted.]

3.4

curtailed operation

mode of operation of a PVPS in which the output is limited for an external reason, e.g.,
inability_of the local grid to receive the power per contractual agreement

3.5
degradation
decreage in equipment operating characteristics or ability to perform dueto physical- or
chemicial-related reduction in performance

3.6
derating
redefinjtion of capability due to external commands or constraints

3.7
downtime
total time that the equipment is not capable of ope€rating per specification when it would
otherwise be expected to do so

3.8
energy availability
energy|generation of a PV system that is ealculated with the same assumptions as thoge used
in the gredicted energy model using actual weather data collected at the site during operation
of the gystem for the year in question

3.9
energy unavailability
metric [that quantifies the ‘energy lost when the system is not operating (as judged| by an
automgtic indication of functionality, such as the inverter status flag indicating that the inverter
is actively converting DC to AC electricity or not)

[SOURCE: IECTS61724-3:2016, 3.2. modified — The second sentence of the definitjon, on
energy|availability has been omitted, along with the note to entry.]

3.10
expected energy
energy of a PVPS that is calculated with the same specific performance model or approved
equal with same assumptions, losses, and formulas as those used in the predicted energy
model using actual weather data collected at the site during operation of the system (for the
period in question)

[SOURCE: IEC TS 61724-3:2016, 3.5, modified — inclusion of assumptions, losses, and
formulas if the original model is not readily available; deletion of Notes 1 and 2 to entry.]

3.11
failure
loss of ability to perform as required

[SOURCE: IEC 60050-192:2015, 192-03-01, modified — The domain and Notes 1 to 3 to entry
have been omitted.]
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masking
PVPS condition and situation where unidentified and/or not easily discernible deficiencies
cause performance to diminish despite the appearance that the PVPS is operating as it was
designed to operate

3.13

PVPS AC capacity
rated output of a PVPS, or, alternatively, its contractually obligated maximum, under specific
designated conditions

er into

inction

many

3.14

photoVoltaic power system

PVPS

electriq power generating system, which uses the PV effect to convert solar pow
electridity

3.15

rating

set of rpted values and operating conditions

[SOURCE: IEC 60050-151:2001, 151-16-11]

3.16

reliability

probabjlity that an item (component, assembly, or system) can perform its intended f
for a specified interval under stated conditions

3.17

service

provision delivered by the PVPS

3.18

system

composite of equipment, skills, and techniques capable of performing or supporfing an
operatipnal role or both

3.19

time

fundamental element used in developing the concept of availability, also used in
measufres of reliability and maintainability (for unavailability)

3.20

unavailability

operational state when the equipment is not capable of operation because of operational or
equipment failures, external restrictions, testing, work being performed, or some adverse
condition

[SOURCE: IEEE 762:2006, 4.1.2, modified — use of the term "equipment" rather than "unit".]

3.21
uptime

amount of time that the system or component is operating during a defined period of time

Note 1 to entry: Other and more specific definitions are contained in the information categories as we
annexes. Reliability, availability, maintainability (RAM) metrics have many specified availability definitions based
on specific applications and are further explained in Annex C.

Il as the
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4 Overview

4.1 Understanding the use of this document

This document defines generic terms of PV systems and environmental constraints in
describing PVPS operation and availabilities, restoration, time, and optional energy
accounting criteria for operation and maintenance (O&M) and asset management. This
document defines terminology and generic terms for reporting availability measurements. A
PVPS includes all equipment up to the point of common coupling (interconnection point) to a
grid or network that is buying the energy produced; however, PVPS availability can and often
is affected by the grid and grid quality. Measurements are concerned with units of time
affected; involved components, systems, and subsystems; and site and PVPS O&M.
Unavaifability measurements are also instrumental for measurement and/or est|mation
techniques for determining PVPS capabilities or, more specifically, capability loss.

The cdnditions — environmental and other site aspects — are considered  fon reportlng the
station|condition and the impact those conditions have on the PVPS, inctuding subslystems
and cgmponents. Environmental aspects include solar irradiance and' ‘other weather and
location-specific conditions at the site. System operating constraints due-to differential| site or
as-buil{ characteristics, which might affect or eventually affect energy system performance
(typically energy production), are included in the energy calculus({e.g., availability model and
energy|reporting). This document defines terms for reporting fundamental availability metrics.
Formulpgs and application methods are included in Clause 6%nd Annex A and Annex|B. The
categories can apply to the whole system (with the grid ‘interface also affecting it) or to
subsysiems and components, wherever the outages™or reduced capability occuf. It is
observed that the more robust and granular data systéms are, the better the knowledgg of the
issues pffecting capabilities.

More generally, although this document is\cwritten to be applied to utility-scale |PVPS,
stakeholders will find that many of the decument's elements have application to smaller
systemls, subsystems, or components. Residential and small commercial systems will also
need ejnough data collection and maintenance logs in their operational phases to defermine
and dofument necessary uptime metrics and who should be receiving the data.

Multipl¢ aspects of PVPS ayailability depend on the system quality and charactgristics,
system| health, condition, and-operational states. Therefore, it is essential to have clear
knowledge and awareness. of the operating and outage status of the power system's
compohents. This is important for O&M and reliability as well as for financial and inqurance
purposes. As such, the) data are collected for use. Performance, environmental, failjre and
outage| time-based.O&M, and electrical parameters are included in the types of data that may
be included in various aspects of the PVPS availability assessments. Levels of systems and
consequentialdata needs are described in the informative annexes. Information management
is addrgssed specifically in Annex E.

Night-ttme—generation—shttdown—is—ot—e d—y—d ofr—thtrs; anrrot—provide
power except for those that include storage and are capable of providing night-time services.
A similar definitional clarification — for example, a PVPS not operating because the array is
covered in snow — is in an out-of-environmental specification state even though the PVPS
components are fully functional and available. The information model presented in the
document is designed to be useful in defining boundaries to facilitate contractual division of
responsibilities.

The availability of the total sum of the system, subsystems, and components affects the
performance of the PVPS. Typically, revenues depend on the energy delivered, and that
energy depends on the availability. The proper functioning of the components is a function of
the detailed design specifications and the O&M employed. Tracking downtime is a tool for
asset management and reliability of the system. Figure 2 illustrates this interrelationship.
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3
Figure 2 — PVPS component-to-revenue path O.)
N

Figure P presents a logical consequence of reduced capability impacti@%ergy production.
The enlergy production will be ¢ metered, and, in addition, the energ%n may genetally be
monitored throughout the PVPS, as specified in the design of th itoring systemjs. This
logical |balance between performance (energy) and availability (P, physical conditign on a
time bgsis) demonstrates the need to measure both in order &:ilitate the assessment of
required PVPS functions. Os\\

It is important to clarify the relationship between this@§<cument and the IEC 61724 |series.
Both apdress metrics of PVPS performance and tthpact of reductions. IEC TS 6(1724-3
carefully defines energy unavailability so that thgﬁakeholders can determine the losses in
performpance (according to the In-Service Ener Performance Index) separate from the
Iossesr]‘caused by energy unavailability. Thi§@ll be further explained after the progess of
using fhe information model to handle th anularity of component health and cqgndition
(Figurel 2) is applied to lost capacity and rgy. The complementary nature of this dogument
with the IEC 61724 series is characteriz\ed in Annex D in verification scenario Claus¢ D.7 —
Energyl measured, expected, and Ios\"O

Assesgments of required PVPﬁnctions are desirable because the IEC Renewable Energy
(IECRH) system addresses certification requirements of PVPSs, and the mandatory reporting
requirements of this do ént are candidates for IECRE procedures. This document is
intendgd to facilitate a@ ation in multiple ways. The first is to provide consistency between
definitipns in measur@nts and reporting. The second is to support certification requirements

that mgy be specified.*
1y

Mandatory in ation categories defined in the document are written in capital lettefs. The
designatio mandatory applies to data collection but not necessarily the specific data
report c\%cause that is determined by the stakeholders' needs.

4.2 The information model

With restatement of the fundamental definitions given in 3.1 and 3.20, the information model
follows logically in an expansion of the specific categories to be used in this document.

The "available state" is when a unit can provide service per specification regardless of
whether it is in service and regardless of the capacity level and other capabilities that can be
provided (based on IEEE 762, 4.1.1).

Equipment is in an "unavailable state" when the equipment is not capable of operation to
specification due to equipment failures, external restrictions, testing, maintenance, or other
plant work being performed or some adverse condition. The unavailable state persists until
the unit is made available for operation by being synchronized to the system in service state
(based on IEEE 762, 4.1.2).
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These two definitions are fundamental for addressing the availability metrics described in this
document. First, the state of being "available" recognizes that even while available there may
be degrees of loss of the service capability due to internal and external elements. Second,
there may also be customer contractual or power grid reasons for why operation is reduced or
not allowed even though the system is capable of providing service. This document addresses
multiple definitions of availability, including the design, O&M operator, power purchase
agreement, and grid/contractual requirements, which are later clarified by formulas.

Even if the equipment or units are available, a parallel construct is evident wherein all uptime
and downtime states are to be handled similarly, whether due to environment, site, and grid
constraints or other factors that cause outages. This document creates an information model
built on a category of availability descriptions with the needed granularity of these various
states io calculate various availabilities, depending on stakeholder perspectives and scopes
for overall asset management purposes. The various availabilities are explained’|in this
document, and Annex C lists some of the forms and unique needs for different types of
availabiility.

A genefal availability formula is:

Availability = Uptime / (Uptime + Downtime) (1)

Uptime| is the amount of time that the system or component is operating during a defined
period jof time (such as annually). Downtime is the total amount of time that the equipment is
not opgrating per specification when it would otherwise{e expected to do so. The infofmation
model further clarifies the condition states needed for<calCulating specific situations.

Succegsfully understanding the various states of availability that a system has or may have
requires a time-series data acquisition system™that tracks operating conditions at the|lowest
level of maintenance anticipated for the systems.

The information model comprises different information categories. The information catggories
describe expected condition states that can be anticipated in the operation of a PVPS:
. meIsured daylight hours andiirradiance for energy production;

e number, location, and types of failures or other types of outages;

e maintenance downtime*needed to maintain PVPS operation at contractual capacity;

. pIaIned outages\for’preventive or scheduled maintenance;

e planned and{mnplanned cutbacks, constraints, and/or curtaiiments at the reqiest of
utility-sector_stakeholders or customers.

With care’and specificity during the design and planning phase of the system, the infofmation
model gata will work for different services and levels of the plant, ranging from the individual
components, to small subsidiary systems, to the full PVPS, including grid conditions.

The model allows for optional levels of information data categories to provide the user with
more detailed data (i.e., O&M trends).

¢ Information category uniform definition and application or priorities facilitate the avoidance
of double counting time and production for outages of uncertain assignment.

e Sorting outage data in these categories is useful for determining availabilities under
contract terms.

This document benefits from how the IEC 61724 series addresses expected energy and
performance modelling, which is an interface with the use of availability. Availability is a
primary measure of systems' and components' capability to meet any number of specified
and/or technical contract requirements. The energy performance is a primary metric for a
PVPS, and both are needed. This document addresses system capacity availability through
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reliability block diagrams (RBD) and associated techniques for determining lost energy.
IEC TS 61724-3 is useful for determining how well a PVPS is performing when it is working,
and this document is useful for providing granularity in tracking causes when systems and
components are experiencing lost energy events due to unavailability. Figure 3 illustrates this
process.

The methodology is dependent on a process. For determination of
availability indicators:

1. An event affecting the capability of the PVPS is detected. It may
be due to many reasons that cause or result in downtime.

2. Criteria of the information model categories are applied to
the event or action to see where it fits in the model. The
information categories form the bulk of the model, and their
definitions, examples, and entry and exit points are defined:

3. The event or action is characterized according:totime,
duration, and system or components affectedand their
time/duration in categories.

4. The PVPS monitoring and control signals-are recorded for
further analysis as needed for downtime characterization.

5. A determination of the PVPS levels of impact is identified.
Basically, it is found how muchrof the array capacity is
blocked from PVPS collection’and delivery to the point of
common coupling.

6. Specific availabilities are calculated and/or aggregated over
time according to stakeholder needs.

Energy impact may.eptionally be correlated to events/incidents

IEC
Figure 3—Process for understanding the use of this document

To facjlitate conirol and decision-making, and to support the life-cycle costing pfocess,
Clause|E.6 includes cost information that may also be collected and reported consistgnt with
the defjned, outage categories in Table 2.

There are—manry—data—stakehelders—as—previousty—deseribed—The—avatlabiliby—pewer—energy,
capacity factor, and other key performance indicators are very important for utility grid
stakeholders. This market sector is external to the operations of the PVPS but depends on
operation where the PVPS asset management functions are performed, including responding
to environmental factors, corrective and other forms of maintenance, monitoring and
reporting, and financial functions. Understanding how well the PVPS is operating comes from
time-series plant performance monitoring data, which may include meters, transformers,
inverters, combiners, and strings. Understanding is needed for both internal and external
users, and the robustness of these systems should be determined by the stakeholders
involved in the PVPS. This understanding is derived from a common nucleus of data for these
stakeholders. This common nucleus of data is needed to facilitate a common basis of
understanding among PVPS stakeholders. This document is expected to be most effectively
useful to utility-scale PVPS plants but has elements applicable to all PVPS classes.
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Much of the information model and approach used in this document has been harmonized
with wind energy document IEC 61400-26-11, and modified as appropriate to define
terminology and generic terms for reporting PVPS availability metrics.

5 Information categories

5.1 General

The information model comprises different information categories that are designed to be
all-inclusive on a time basis. The information categories describe expected condition states
that can be anticipated in the operation of a power station. Information categories are
countersforaccumutatiomof timeperiods withspecified—attributes defimedfora Pv¥PS—with the
purposg of exchanging data. All calendar time shall be distributed into these infotmation
categofies.

Each ipformation category has an associated entry point and exit point."The entry point
describes the criteria that should be fulfilled to allocate time into arspecific infofmation
categofy. The exit point describes the criteria to be fulfilled to the enditime allocatipn to a
specifi¢ information category.

The information model is split into five levels. The hierarchy frém Level 1 to Level 5 cpntains
all attributes of overlaying information categories, which_ ‘are inherited by underlying
informgtion categories. The time designations are allocated’ at the lowest mandatory level.
Overlaying information categories shall contain the sum™of the related information catggories
on the pnderlying level. The information categories aré/infroduced in Table 2.

Table 3 shows an overview of the information, categories defined in this document. The
informgtion model includes four mandatorydata collection categories (identified |y all-
capitalized letters). The model also allows “for additional optional levels of infofmation
categofies to provide the user with more. detailed data, some of which are also suggesfed and
addrespsed in this document. Compliance with this document requires designation pf time
periodq into the mandatory information categories defined in Level 1 to Level 4, as shHown in
Table 2. Information categories are-counters for accumulation of time periods with specified
attributes defined for a PVPS withthe purpose of exchanging information on availability.

Any optional information.categories that are defined are not required to comply wjth this
specifigation; they are (included to allow users to customize reporting details to megt their
specifi¢ requirements. )This specification imposes no limits on the number of dptional
informgtion categori€s or levels added by individual users. All optional information catggories
shall be locatedon-Level 5 or higher. Some likely candidate optional categories are topically
addresped in the/annexes. Forced outages are further described in Annex C.

In casq entry conditions are fulfilled concurrently for two or more information categorids, time
shall be dbbigllcul uniy m—the—mformration category with—thre iligilcbi pliUIiiy. fmformation
category priorities are described in more detail in 5.4. The priority technique facilitates the
avoidance of double counting time and production for outages of uncertain assignment.

Again, with care and specificity, the information model will work for different services and
different PVPS levels, ranging from the full plant and including the grid to individual
components.

1 Under preparation. Stage at the time of publication: IEC PUB 61400-24-1:2019.
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Table 2 — Information category overview for a PVPS

Information categories

Mandatory Mandatory Mandatory Mandatory Optional
Level 1 Level 2 Level 3 Level 4 Level 5
FULL CAPABILITY
w
)
i PARTIAL CAPABILITY Degraded
LJ)J Derated
z Other
SERVICE SET PQINTS
w OUT OF Irradiarjce
= ENVIRONMENTAL received helow
';: SPECIFICATION threshold for
o w €nergy conyersion
w )
w o O
3 S 2
< w Othe
- ()
< L
z o REQUESTED Interngl
= 5 SHUTDOWN Externgl
o o
l_
<§( OUT OF ELECTRICAL
A SPECJFIEATION
(@)
L
z . .
SCHEDULED.MAINTENANCE SIPOEE 56 VIS
._.>J cop¢
k PLANNED-CORRECTIVE ACTION Retrofjt
04 Upgrade
H_J Resporlse
o Diagnostics
% FORCED OUTAGE Logistifs
z Repair
SUSPENDED
FORCE MAJEURE
INFORMATION UNAVAILABLE
Green Indicates ability to'generate; pink indicates not generating due to a cause or reason.
Levels|1, 2, .and’ 3 provide logic to help understand the state of the PVPS. INFORMATION
AVAILABLE enables data that can confirm operation of the PVPS, whereas INFORMATION
UNAVAICABLE occurs when insufficient information is available to confirm operative

conditioms—amd—tevets—ThePVYPS—witrbe—imeither am OPERATIVE or NONOPERATIVE
condition. The OUT OF SERVICE state includes reasons other than the malfunctions of the
PVPS and components are occurring and keeping the PVPS from being IN SERVICE
(typically active power). NONOPERATIVE is a state or condition wherein the opposite has
occurred, and the PVPS and components, in full or part, are not available
functions. As stated elsewhere, discrete component outages get rolled up to PARTIAL
CAPABILITY at higher levels of the system. FORCE MAJEURE is reserved for events that are
extraordinary or otherwise outside of the control of the parties. This grouping, especially in
Level 4, is useful in tracking unavailability.

Descriptions of these information categories follow.

to perform their
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5.2 Information available (PVPS)2

Definition — The category INFORMATION AVAILABLE covers all time periods during which
information on the PVPS and external conditions is retrieved, logged, and stored manually or
automatically to the extent that at least one information category can be established.

It is recognized that there may be circumstances when information is partially or not available.
Qualification for INFORMATION AVAILABLE requires sufficient information to determine that
criteria for the mandatory Level 4 category are achieved.

Information to determine the mandatory information category can be derived from multiple
sources. Sources can be:

e thelinformation category from the individual inverters;

e supplemental supervisory control and data acquisition (SCADA) or other data acquisition
system (DAS);

e mefering information;

e manual entries.

For exgmple, the information category can be determined as INFORMATION AVAILABLE if
data transmission from every single inverter of a PVPS is intefrUpted as long as data|from a
measufement system still give adequate information to deterniine the category of the PYPS.

The INFORMATION AVAILABLE category is mandatory,

Entry point — The PVPS operating status datakare available to the extent that al PVPS
category at Level 4 can be determined, logged, and stored.

Exit pgint — It is no longer possible to determine, log, or store the Level 4 category| of the
PVPS.

It is stfongly recommended that the data capabilities can record all the production (power)
data on time for the implementation of this document. The IEC 61724 series for data|quality
addrespes relevant considerations. Users are also referred to Clause D.11 to addregss lost
data.

5.3 OQperative

Definitipn — Thel PVPS is in the category OPERATIVE when it can perform the intended
functiops regardless of whether it is active and regardless of the capacity levels of other
required capabilities that could be provided.

Th O“ll_nl\'l'l\ll_ 4+ H <l | INPH o INNEODMATIAON, AN/ALL ADIL T 4 d h
e I\ TTVIiI \JQLUHUI‘Y o UIIUUIIyIIIy TS TINT UTNIVIAATTUIN AAVAAITLEMADL L ualcyuly d aS

two underlying information categories:

e IN SERVICE
e OUT OF SERVICE.

The OPERATIVE category is mandatory.

Entry point — The PVPS can perform the intended functions regardless of whether it is actually
active and regardless of the capability level that can be provided.

2 The term PVPS is used generally in these information categories; however, the applicability can be for the whole
plant or subsystems or individual components. When examining downtime events, outages will need a
description of which part of the PVPS is included. Subclause 6.3 includes more information on the physical
nature of the PVPS levels and functions.
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Exit point — The PVPS is not able to maintain the intended functions.

5.4

n service

Definition — The PVPS is IN SERVICE when it can perform the intended functions.

The IN SERVICE category is an underlying category of the OPERATIVE category and has
three underlying mandatory information categories:

The IN
Entry p
Exit po
Active

limited

constra
service

5.5

Definiti
technid

No

PVPS i

This m

FULL CAPABILITY
PARTIAL CAPABILITY

SEf

los

Per
All

to fmaintain the design or rated capacities of the PVPS. Note that the clipping

PV
All

All
rate

RVICE SET POINTS.

SERVICE information category is mandatory.
oint — The PVPS starts performing the intended functions.
nt — The PVPS stops performing the intended functions.

power is the predominant service in most PVPSs. Seryices may include but

to the supply of active energy, grid automatic generation control, reactive ¢
ined operation, communications, and support of elecirical stability of the grid
s are examined in the following subclauses.

Full capability

pon — The PVPS is operative and functioning according to design specifications
al restrictions or limitations beyond those specified in the design.

production shall be associated\'with the respective information category wh
s operating at FULL CAPABILITY.

by include, but is not limitéd'to, the following examples:

nverters are performing according to design specification and any regulation in

PS operating-specification is not unavailability.
nverters are delivering active power according to design array power curve.

energy collection systems/equipment are performing the intended designed fun
d<capacity.

are not
energy,
Other

with no

en the

ods of measurement of full capability and without any internal or external derating.

power
ber the

ction at

Al

nverter functions are delivering within all site environmental condition specificati

ons.

The FULL CAPABILITY category is an underlying category of IN SERVICE and has no
predefined underlying mandatory information categories.

The FULL CAPABILITY category is mandatory.

Entry point — The PVPS is performing all intended functions at the full system ratings at the
given conditions.

Exit point — The PVPS is not delivering the intended functions with full capability at the given
conditions.
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5.6 Partial capability

Definition — Some intended functions of the PVPS may be operating at reduced performance
due to internal or external conditions. If unable to detect downstream outages, they will not be

include

d in calculations of partial capability.

This may include, but is not limited to, the following examples:

e info

rmation is not available to ensure that the PVPS is in FULL CAPABILITY.

e technical fault or safety-related events (e.g., shutdown of individual inverters).

e electrical energy collection system deficiencies.

e red
e red
ded

of gubsystem outage impact).

e red

e forg
of g

o diff
e deg
e oth

In gene
at the 3
full PV
CAPAH
repairs
measu

Partial
point, i

PARTI

subcomponent not working and which is also measured.

The PA

Entry g
expectd

iced load capability (string or string-level failures).

iced capability or production capacity due to unexpected inverter and/or other d
radation, deterioration, anomalies, faults, or failures (See Clause D.4 for/an e

ed outage of DC availability/solar field. Reduction in subarray-capacity due to (
ny of the subcomponents.

prences in modelled/expected inverter clipping.
radation and derating (see C.5.6 and C.5.7).
pr (see C.5.8).

ral, events and incidents that do not affect<the whole PVPS may be tracked sep
ppropriate component level and information model category but when "rolled up
PS result in PARTIAL CAPABILITY. The PVPS will be expected to be in P
ILITY for significant fractions of time if there is a backlog of FORCED O
PARTIAL CAPABILITY occurs when a component below the level at which
ing does not affect the higher level system of component availability.

capability can occur with<degradation where capability is reduced over time. A
it is not corrected, thellevel of degradation would reduce the capability of the P

AL CAPABILITY ¢is Mo be used at a level in the PVPS that is higher than th

RTIAL CAPABILITY category is mandatory.

ointl—5 The PVPS is not providing the intended function with the full specified
bd Capability and is also detected.

efects,
xample

iced capability to production capacity due to inadequate thermal management of
invgrter components or beyond design specification.

failure)

arately
' to the
ARTIAL
UTAGE
we are

t some

VPS.

at of a

and/or

Exit point —The conditions for being in PARTIAL CAPABILITY no longer exist.

5.7 Service set points

Definition — The PVPS is in the category SERVICE SET POINTS when ready to respond to a
predefined event.

This may include, but is not limited to, required or optional services or operational constraints,
including or beyond those defined in the initial PVPS design or contractual terms, which are
competing with the PVPS primary function of active power, such as the following examples:

e automatic generation control;

e Con

strained operation;
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e a low-frequency compensation service;

e volt-ampere reactive compensation system having elements disconnected but ready to
engage;

e source or sink energy from/to storage;
e a load-following or unique "spinning reserve" type of operation
e reduction in power due to following a power factor set point at the point of interconnection;

e an external reduction in power output due to direction or regulatory criteria (partial
curtailment order);

e variable settings due to the interaction of many systems in distributed generation settings;

e extérnal control and/or approved commands/decisions, including changes in redulatory
policy.

These |tems may be internally or externally controlled. For purposes of grid control, thg PVPS
may bg asked to variably reduce production or otherwise respond to grid signals. In this case,
the PVPS is operating in the SERVICE SET POINTS category, but it may-also be stated that
the PVPS is derated with an energy impact that deviates from expectations and needp to be
accounted.

All set points should be "clocked" with time-series data. It is reCggnized that some PVHSs will
have AC capacity limitations to comply with interconnection agreements and that
invertef-level power factor settings will compensate for thet PYPS internal reactive powaer.

SERVICE SET POINTS are not generally applicable_fér active power service because|that is
the presumed normal state.

The 5.7 SERVICE SET POINTS category is ‘@n*underlying category of IN SERVICE and has
no predefined underlying mandatory information categories.

The 5.1 SERVICE SET POINTS category is mandatory.

Entry point — The service is active-and responding to a predefined event or action of a|control
signal.

Exit pojnt — The service is*no longer able or requested to respond to a predefined evegnt that
the cortrol signal has'stopped.

It is rgcognized-that operation in SERVICE SET POINTS is not in an unavailability state
unless |it fails {o“operate as designed or by control signals; however, it is important to track
time in|this(state.

It is noted that per-design, contractual, obligated AC capacity limitations to comply with
interconnection agreements or inverter-level power factor set points to achieve a nominal,
per-design power factor at the point of interconnection for compensation for the plant's
internal reactive power are specified. Features such as these may be the preferred
operational state. This state and those that deviate from it should have time-series data
collected.

5.8 Out of service

Definition — The category OUT OF SERVICE is obtained when the PVPS is OPERATIVE but
not IN SERVICE.

The OUT OF SERVICE category is an underlying category of OPERATIVE and has three
predefined underlying mandatory information categories:
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e OUT OF ENVIRONMENTAL SPECIFICATION
e REQUESTED SHUTDOWN
e OUT OF ELECTRICAL SPECIFICATION.

The OUT OF SERVICE category is mandatory.

Entry point — The PVPS is OUT OF SERVICE due to one of the restrictive conditions
described in the underlying information categories.

Exit point — All restrictive conditions in all underlying categories are cleared.

5.9 Out of environmental specification

Definitipn — The category OUT OF ENVIRONMENTAL SPECIFICATION is obtained when the
PVPS is operative but not in service because the conditions of the environmgnt are out of the
design|specifications.

This may include, but is not limited to, the following examples:

e solar irradiance below specified "wake-up" for energy conversion;

e abgve "cut-out" voltage under specific circumstances of \temperature, irradiance, and
deslign-specific operating voltage limitations;

e ambient temperature above or below specifications_allowing the PVPS to operafe (see
verification scenario Clause D.4);

e snow or ice buildup on PV modules beyond operational limits;

e environmental conditions in excess or othérwise outside the operating limits |of the
equipment;

e out|of operational specification duexte inappropriate application (i.e., inverter installed
dirdctly in the sun in the desert).

The OUT OF ENVIRONMENTAL SPECIFICATION category is an underlying category pf OUT
OF SERVICE and has no predefifted underlying mandatory information categories.

The OYT OF ENVIRONMENTAL SPECIFICATION category is mandatory.

Entry goint — One_or more of the environmental conditions go out of design specification of
the PVPS, prohibiting all or part of the PVPS from functioning.

Exit pojnt —All"of the natural environmental conditions change to be within the PVPS|design

specifigation; and the PVPS either returns to normal operation or transitions to another
informemmmmmwmwwg&msmﬁnuany.

This time accrues to the event that caused the outage.

Lack of night-time conversion is not considered an unavailability event because it is neither
expected nor included in the expected energy performance modelling. However, 24 h
functions, for example, communications, Var support, and cabinet heaters may be expected or
required at night and treated accordingly with regard to unavailability events. Operation of the
equipment outside of specified performance ranges is not a limiting factor for technical
availability but may impact the reliability of the equipment if cumulative damage is possible.
Operations approaching the limits of ranges with reduced output ratings, but still functioning
within the design specifications are both available and functioning in full capability if no other
issues are manifested.
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5.10 Requested shutdown

Definition — The category REQUESTED SHUTDOWN is obtained when the PVPS is operative
but not functioning because it has been stopped by a request, typically external to the PVPS
or individual stakeholder scope. Determinations of internal or external inclusions or exclusion
may impact the assignment of unavailability time depending on the division of availability and
stakeholder boundaries. This category is not to be used for downtime due to SCHEDULED
MAINTENANCE, PLANNED CORRECTIVE ACTIONS, or FORCED OUTAGE.

This may include, but is not limited to, the following examples:

o external or grid operator requested curtailment;

e trai

o saf¢ty-related events/inspections;

o disq
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unavailability of the gridy AC or DC collection systems, or electrical conditions outs

operati

out-of-g¢lectrical specification for operation.

This m

ning;

retionary component testing.

QUESTED SHUTDOWN category is an underlying category of OUTyOF SERVI
predefined underlying mandatory information categories.

QUESTED SHUTDOWN category is mandatory.

5 may occur as the result of deliberate decisions _for outages due to internal ca
allocation of unavailable time due to internal-causes may need to be differg
ternal causes.

oint — The PVPS is ordered to shut downby request.
nt — All active external requests to,shut down are cleared.

Dut of electrical specification

pon — The category OUT OF’ELECTRICAL SPECIFICATION is active when the B
ve but not functioning because the electrical parameters of the PVPS or comq

bnal specifications,or internal faults in the PVPS. Equipment may be inoperable

ng limits of the equipment. When the grid is in a forced outage, the PVPS is put

by include, but is not limited to, the following examples:

CE and

h externally directed, stoppages may result in fullcurtaiiment. Select component

Ises. If
ntiated

VPS is
onents
eeding
due to
de the
into an

° gr

failure;

e poor power quality;

e volt

age, including transients;

o frequency;

e phase imbalance;

e a short circuit in energy collection elements;

e above "cut-out" voltage under specific circumstances of temperature, irradiance, and
design-specific operating voltage limitations (this combined interaction of environment and
voltage should be allocated only once, and care should be taken to not double count);

e discovery of out-of-electrical limits though testing, inspections, or other external O&M

acti

vities.
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OUT OF ELECTRICAL SPECIFICATION events may occur at the full PVPS level or at the
individual component level. For instance, a grid outage due to any reason puts the PVPS into
OUT OF ELECTRICAL SPECIFICATION. At the subsystem level, if AC switchgear is in a
forced outage and its function is needed for a downstream inverter to connect, then that
inverter is in an OUT OF ELECTRICAL SPECIFICATION state because there is no
voltage/frequency to synch to. Likewise, a combiner box failure may prevent an inverter from
receiving the energy from the subarray, which from a data perspective appears to be an
inverter failure but is not.

The OUT OF ELECTRICAL SPECIFICATION category is an underlying category of OUT OF
SERVICE and has no predefined underlying mandatory information category.

The OUT OF ELECTRICAL SPECIFICATION category is mandatory.

Entry goint — One or more of the electrical parameters of the PVPS go out of thesoperational
and/or design specifications, prohibiting the PVPS or a portion of the PVPS from functigning.

Exit pojint — All electrical parameters of the PVPS change to be within the operational|and/or
design|specifications.

A grid putage forces the PVPS into an OUT OF ELECTRICAL SPECIFICATION category and
most likely will be excluded from the operational attribution of ‘outage, but the all-in rgsult is
still a period of no power delivery and likely loss of revenue and needs to be documentgd. It is
acknowledged that inverters may need to be reset.

Operatjon of the equipment outside of specified\'performance metrics may not [be an
immediate limiting factor for technical availability; ‘however, operation outside of perfofmance
specifi¢ation may cause cumulative damage atcrisk of reduced reliability.

5.12 Nonoperative

Definitipn — The NONOPERATIVE category covers all situations when a PVPS is not dapable
of perferming the intended functions-

The NONOPERATIVE categery’is an underlying category of INFORMATION AVAILABLE and
has foyr underlying mandatory information categories:
e SCHEDULED MAINTENANCE

e PLANNED CORRECTIVE ACTION

e FORCED OQUTAGE

e SUSPENDED.

The NONOPERATIVE Tategory is Tmamdatory:

Entry point — The PVPS is not operating or it stops operating due to one of the restricting
conditions described in the underlying information categories.

Exit point — All restricting conditions in all underlying categories are cleared.

5.13 Scheduled maintenance

Definition — The category SCHEDULED MAINTENANCE is entered during scheduled
maintenance of elements of the PVPS (e.g., inverter), which prevents the entire or select
portions of the PVPS from performing the intended functions.

This may include, but is not limited to, periods of SCHEDULED MAINTENANCE on the AC
components or DC components if that maintenance leads to an outage of the equipment.
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The SCHEDULED MAINTENANCE category is an underlying category of NONOPERATIVE
and has no predefined underlying mandatory information categories.

The SCHEDULED MAINTENANCE category is mandatory.

Entry point — The PVPS functioning is stopped or prohibited with the intention of performing

schedu

led maintenance.

Exit point — The PVPS exits this category by manual intervention, confirming that the

schedu

led maintenance has been interrupted or completed.
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lanned corrective action

on — The category PLANNED CORRECTIVE ACTION is entered duting
d to retain, restore, or improve the intended functions of the PVPS when these
part of normal scheduled maintenance. PLANNED CORRECTIVE_ACTION is
uch work is ongoing simultaneously on inverters or on elementsyof the PVPS

ED CORRECTIVE ACTION may include retrofits and upgrades or required co
identified through condition-based maintenance, inspections, or investigations
d to account for corrective actions where the needis“identified prior to any|
and early enough to be planned and completed beforeresulting in a possible F(
BE. This state may be useful in the allocation of methods of procedure where critic

approval. This category includes outages¢due to retrofits, upgrades, of
bments to the PVPS other than those that did hot lead to an outage. Investiga
e due to lightning may be an example of actions taken to retain or restore functig

LANNED CORRECTIVE ACTION ,category is an underlying category
PERATIVE category and has no“ predefined underlying mandatory infor
ies.

ANNED CORRECTIVE ACTION category is mandatory.

oint — The PVPS functioning is stopped or prohibited with the intention of perf
] corrective actions.

nt —The PVRS“exits this category by manual intervention, confirming that the p
ve actions~are interrupted or completed.

Forced-outage
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actions
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collection system), which prevents the PVPS from performing thegdntended functions.

rective
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pon~ The category FORCED OUTAGE is obtained when damage, fault, failure, o

has disabled componenis or systems. This can be detected manually or automatically.
FORCED OUTAGE is active when such events occur simultaneously on inverters or on other
components/ elements of the PVPS, which prevents all or parts of the PVPS from performing
the service or functions.

Examples:

e gen

eral component failures,

e inverter failure,

e cab
e con
e circ

le fault,
trol failure,

uit breaker trip,

e tracker stoppage,
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e outage time during response, diagnostics, logistics, and repair.

The FORCED OUTAGE category is an underlying category of NONOPERATIVE and has no
underlying mandatory information categories.

The FORCED OUTAGE category is mandatory.

Entry point — The PVPS operation is disabled because of damage, faults, or failures or an
alarm.

Exit point — The PVPS exits this category when causes for the outage are cleared.

5.16 Luspended

Definitipn — The category SUSPENDED covers all situations when activities jn- SCHEDULED
MAINTENANCE, PLANNED CORRECTIVE ACTION, and FORCED OUTAGE need| to be
interrupted or cannot be initiated due to conditions that compromise~pérsonal safety or
equipment integrity.

The SUSPENDED category includes, but is not limited to, the following examples:

o authority stops;

e access limitations because of ice, snow, storm, and flooding;

e severe weather conditions, such as lightning, tornados, hurricanes, flooding, and halil;

e redlction of risks initiated by activities such as bush fires;

o safety of personnel or permitting of operations;
e public authorities' orders for suspension of'‘the work because of personal safety;
e sitelworking conditions are not met;

e conlditions affecting the PVPS potentially from either a site or external incident tha{ cause
damage or constraints to the PVPS that need to be addressed.

The SUSPENDED category is an underlying category of the NONOPERATIVE and has no
underlying mandatory information category.

The SUSPENDED category is mandatory.

Entry point — This category is entered by manual intervention when work is suspended
according to defined conditions.

Exit point’— This category is terminated by manual intervention when the conditions

mH o L o |y 1 pu |
suspe g the-workmaveoeen—créarea:

5.17 Force majeure

Definition — The category FORCE MAJEURE covers all situations where an extraordinary
event or circumstance beyond the control of the parties involved prevents the parties from
fulfilling their obligations.

FORCE MAJEURE is a common clause in contracts, which essentially frees concerned
parties from their liability or obligation when an extraordinary event or circumstance beyond
the control of the parties occurs.

FORCE MAJEURE is not intended to excuse negligence or other malfeasance of a party, as
where nonperformance is caused by the usual and natural consequences of external forces or
where the intervening circumstances are specifically contemplated.
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The FORCE MAJEURE information category is underlying the INFORMATION AVAILABLE
information category on Level 2 and has no underlying mandatory information categories.

The FORCE MAJEURE category is mandatory.

Entry point — This category is entered by manual (i.e., civil authority notification or recorded
incident into SCADA) intervention when a FORCE MAJEURE situation is detected according
to contract text.

Exit point — This category is terminated by manual intervention when a FORCE MAJEURE
situation has been cleared according to contract text.

A FORLCE MAJEURE event may result in damage and the need for repair to restore.sefvice of
parts of the PVPS. This will result in loss of PVPS capability, and care should bg'exergised in
logging and assigning lost time and energy with an interface with PLANNED\CORRHECTIVE
ACTION and considered in reporting, including "all-in" availability. Insurance “considgrations
may als$o apply in these circumstances.

FORCHE MAJEURE events may cause periods of unavailability dug t0 a situation thiat was
unforegeen, uncontrollable, or beyond capability to manage.

Although this definition is intended to make the information cCategories aII-encompasslng and
allow for assignment of time, it is acknowledged that conifact legal terms will govern, and the
use in this category should be coordinated to take into_acc¢ount that fact.

5.18 Information unavailable (PVPS)

Definitipn — The category INFORMATION UNAVAILABLE covers all time periods when the
category INFORMATION AVAILABLE is not applicable. Losses of critical data resulf in the
inability to assign periods in the required information levels.

The INFORMATION UNAVAILABLE information category is on Level 1 and as such has no
overlying information category. dnaddition, this information category has no underlying
mandafory information categories:

The INFORMATION UNAVAILABLE category is mandatory.
Entry ploint — It is not.possible to determine, log, or store the Level 4 category of the PVPS.

Exit pojnt — The_PVPS operating status data are available to the extent that a PVPS category
at Levdl 4 can.be determined, logged, and stored.

6 Information model for PVPS

6.1 Time-based capability information model

This model accumulates time in the information categories individually by event. The
time-based capability data model for the PVPS works on the principle of allocating event time
to information categories. The key to determining the proper information category of events is
by evaluating compliance with exit and entry criteria (measured time) defined in this
document. After identification and logging of an event, its category is assigned. The temporal
unavailability of many components will result in power not produced or delivered (i.e., lost
energy). It is also recognized that data systems will not always clock all outages because
some will be discovered by inspection, testing, data analysis, or other means. It is observed
that data collection capabilities will have an important role for the implementation of this
document. As indicated in the introduction, criteria for selected granularity levels of the
tracking thresholds need prior stakeholder determination.
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6.2 Time-based total PVPS capacity availability

Capacity (for active power) is a physical property of the PVPS and installed components
(even using summer/winter ratings, it is still essentially static for the reporting period).
Capacity will be reduced only when a component integral to power production fails (and
becomes unavailable). These components will also have associated capacities. The PVPS
capacity will comprise the total of all component capacities. Capacity can then be used as an
input to compute full PVPS availability because that is an expected usual goal. With that as a
premise, use the following formula:

PVPS Availability=1-—

L N (H <KW, ﬂ (2)
T "7

—_—— X
Z
Http x KW”P klncia’ent

where
Http:

The th¢oretical total production time in hours in the period when the solar irradiancel meets
the mirfimum specifications for the inverters to operate.

Array pgower (KWnp):

The expected DC power of the array for the entire solar generating facility determined| by the
sum ofl each module nameplate kWp rating. PVPS-.ratings by aggregated module nameplate
are corpmon.

Component unavailability time (H,):

The hqurs in the period when solar~irradiance is sufficient to power the inverters| yet a
component within the facility is nat available to generate power due to an equipment fault or
failure.|The component unavailahility can be measured at different PVPS levels, depending on
the granularity of measurement desired or available.

Incident: Every outage incident during the measurement period.
NOTE KW, describes the ‘capacity reduction as a consequence of the events.
This afproach is/further expanded in Annex A to address operational and technical avajlability

perspeftivesfor varying stakeholders and areas of PVPS operation. Annex B also gxtends
this energy assessment of unavailability and energy assessment methodology.

This approach is not a measure of the power capacity of the PVPS, and users are referred to
IEC TS 61724-2 if the methods of this document indicate that capacity varies from that
assumed in the performance model and expected energy calculations.

6.3 Application of the information model to different plant levels

The PVPS may be considered broadly to consist of components, equipment, subsystems, and
systems in a hierarchical and modular design form. Some adverse events will have an impact
at a full PVPS level, whereas others will be at a component level and may not be immediately
discernible and/or inconsequential. In this document, the entry and exit points indicate
duration and depend on the extent of the PVPS infrastructure affected. This will be helpful in
determining the associated capability or capacity impact.

The PVPS consists of various levels (Figure 4), including modules, DC collection systems,
inverters, and AC collection systems, and components such as transformers, switchgear, and
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system protection. It is expected that the conventional aspects of utility infrastructure will
function at high reliability and availability. An understanding of the consequences of outages
at various points in the PVPS is needed to appropriately mitigate consequences. All failures
or events that result in service outages should be allocated in the information model. Planning
for expected outages during specification and design may include provisions to facilitate
availability improvements during operations. For instance, isolating an inverter for both
planned and forced outages should not require the shutdown of all inverters but rather the
disconnection of a single inverter through an isolation switch.

See example RBDs for a reliability perspective of the major components in Annex B and
Annex D.

Levels|will also be evident in the monitoring system. For instance, providing adflitional
instrumentation of the source circuit levels may likely identify more availability~issyes but
possibly indicate reduced availability because the identification was enhanced.(Witholit such
instrumentation, the issues may not be discovered in a timely manner buthywould Etill be
reflectgd in the performance. This is a cost and design decision, and undisgovered
unavailability will be reflected in reduced energy if not otherwise determined. This is ggnerally
addresped in Clause E.6.

Level 1 Grid

Level 2 - PVPS plant with substation point of comimon coupling
wi/class A monitoring

Level 3 - AC side of inverter through substatien: Connections, conduit,
conductors, transformers, meters/sensors;,.SCADA & system control,
relays, fuses.

Level 4 - Inverter with internal or external transformer with charge
control (w/o storage)

Level 5 - DC internal parallel bussed distribution
Level 6 — DC source.circuit combiner
Level 7 - Souree circuit infrastructure

Level 8 ~\Modules

Level9 — Mounting hardware Discrete outages get rolled up
to PARTIAL CAPABILITY
Fevel 10 - Site land use at higher levels of the system

IEC
Figure 4 — PVPS plant levels

The PV component list and PV system configuration vary according to the application and
could also include the following subsystems: power conditioning, storage, system monitoring
and control, and utility grid interface.

6.4 Asset management functions of the PVPS

Other capabilities exist that support the O&M services, such as SCADA and data tracking
systems, civil plant, and roads. Some of these functions may be considered to serve both
internal and external purposes. In addition to operations and the provision of electrical
services of the PVPS, asset management will be needed. Asset management functions may
be varied but will certainly include the human factors needed for O&M of the PVPS and the
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management of activities and information. Communications with grid operators, except for
required automated information streams, will be performed as part of the internal asset
management function and will be accomplished at the PVPS site or perhaps a remote
corporate site.

The O&M function is broad and includes management and technical staff with equipment such
as fleet vehicles and tools/parts/consumables. Reporting key availability metrics and other
required information to stakeholders is also part of operations. In terms of PVPS system and
component availability, repairs, replacements, and restoration of component functionality
depends on an efficient asset management function. Intervention in anticipation of plant
needs and conduct of upkeep and repairs to keep components and systems available and
operating is a common part of maintenance.

Furthel, off-takers, grid authorities, energy markets, owners, managers, and operators will
need information about PVPS status and future performance expectations. Examples |nclude
forecadting and real-time capacity, availability, generation capacity, production rating, and
scheduling. Note that some of these are an automated function of the PVRS,*whereas| others
are thelresult of human processing of information.

Note that the provision of some of these services for smaller, nohutility-sector systems will
still be |necessary and are to be provided by the market participantsias can be predetermined.

6.5 Limitations

It is nof within the scope of this document to specify thexmethod of information acquisitijon and
how tolestimate the production terms.

During[nongenerating periods, the PVPS may b€, consuming power (parasitic losses). |This is
not considered for the model because this is not contributing to the provision of services.

Production during the transition from one information category to the next is not considered
because this is insignificant.

6.6 nformation category priority

Time present in the information categories shall be exclusive and continuous. If the conditions
for alldcating a time period to more than one information category can be fulfilled, then the
informgtion category priofities determine which category takes precedence (higher di:Lruption
or control factor) for.the allocation of the time period being considered. Assignment of
prioritigs to the dnformation categories provides a uniform and transparent method [for the
designation of fime.

The orfef, of priorities as specified in Table 3 is mandatory for compliance with this [model.
The prlorifi ' ' priority.
Priorities for optional information categories can be introduced for specific purposes. In such
cases, the mandatory priorities can be extended with a priority for the optional information
category.

Table 3 illustrates the information category priority for the PVPS, and Clause D.5 verification
scenario provides an example of its use.
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Table 3 — Information category priority for PVPS

Information categories
Mandatory Mandatory Mandatory Mandatory Mandatory
Level 1 Level 2 Level 3 Level 4 Priority
FULL 1
O CAPABILITY
>
o
7 PARTIAL CAPABILITY 2
z
S SERVICE SET POINTS P
>
=
<
w « OUT OF i
| o w ENVIRONMENTAL
2 © @) SPECIFICATION
4 >
=z [
Z » REQUESTED 3
z w SHUTDOWN
o) (@]
g 5
g 6] OUT OF ELECTRICAL b
v SPECIFICATION
o)
z
= SCHEDULED’MAINTENANCE v
>
o PLANNED CORRECTIVE ACTION B
i
o) FORCED OUTAGE D
P4
o
z SUSPENDED 10
FORCE MAJEURE 11
INFORMATION UNAVAILABLE 12
Use of the categery’ prioritizations will provide a method for avoiding the attribution of
outagep. External/factors may result in accounting for time in the categories. For examlple, an
externgl event'\may cause the grid to suffer a forced outage, resulting in the PVPS bleing in
the OUT OF ELECTRICAL SPECIFICATION. Depending on the expected duration, thefe may
be an [opportunity to perform maintenance that would normally require an outage. |By the
prioritie i i i iori isi when

the grid is restored to service, there is an expectation that the capacity will be as previously
predicted. If the maintenance activity outage is undeclared and not returned to service, then
the operation may be legally out of compliance with grid operating requirements. These
situations may be negotiated and defined in contract terms; the priority logic provides both a
guide and examples on how to handle multiple and sequential events and is adjustable when
in accord with the stakeholders.

a) Night-time and low irradiance

Night-time (or when the solar irradiance is less than inverter turn on at times near dusk or
dawn) does not count against (it is excluded) the availability calculation. Other causes of low
irradiance or other forms of OUT OF ENVIRONMENTAL SPECIFICATION (i.e., snow or
biofouling) are to be recorded.

b) SERVICE SET POINTS
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This information category is not strictly an equipment unavailable state because the PVPS is
performing according to design and specification; however, operationally, it may Ilimit
production and result in lost (by expectations) operational availability of energy production.
The time in this state should be recorded, and the energy impact is recommended to be
assessed and quantified against expected energy assumptions. Cleaning may be an O&M
mitigation.
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A1

Annex A
(informative)

Information category-based availability indicators

General

This annex describes examples of how to determine various measures of inclusion or
exclusion of the availability of PVPS capability based on the information categories defined in
this document. The following provides a tool for accounting for these inclusions and

exclusi

a) infg
b) infg
c) infg
The co

measu
catego

When ¢

A.2

Definiti
month)
owner'y

HA| H o 4 £ oL 3 4 H
MiTo CUTTOTUTTIITY HNTTT 1yyTo Ul TTITuUTTTiativiT LalTyuUliTo.

rmation categories considered as available time;

rmation categories considered as unavailable time;

rmation categories not to be considered in the availability calculation:

nstituents of each of these three types of information categories*are defined fq

e of availability in its respective section. Users may find other arrangements
ies to calculate availability specifically for their need.

alculating the measure of availability, the following gefneral equation shall be ap

Time item is\@perating
Time item is operating + time item is not operating

Availability =

Operational availability

in which a PVPS is actually generating. This is primarily an operator's, us
b view of a PVPS as.a whole and measures how often the asset was @

r each
of the

pon — System operational alvailability is the fraction of a given period of tim¢ (e.g.,

Br's, or
ctually

generaLing power. The reasons for allocation of the lost operating hours are less important

than th

as "raw"

overall view that‘operation and production have been lost. This may also be
or "all-in" avdilability.

This a
includ
voltag
operati
conditi

plies only/to the solar day. Irradiance levels less than the turn-on threshold

d; however, when enough sunlight exists to allow the inverters to reach th
needed to operate, the time clock will begin. This distinction is made betwe
g_hours due to unavailable solar resource and hours lost due to other op

known

are not
e input
en lost
erating

to any

other outage reason are included as unavailability. If a storage system or another system is to
be operated on the bases of 24 h per day, necessary adjustments to inclusions and
exclusions will be needed for the availability indicators for those systems. Fractional PVPS
outages are included according to capacity or capability and are addressed and/or can also

be assi

gned at lower levels.

In this definition, time considered available includes:

e FULL CAPABILITY
e PARTIAL CAPABILITY
e SERVICE SET POINTS.

Time considered unavailable includes:


https://iecnorm.com/api/?name=e445939389edecc3df76b068b13c9d88

- 34 - IEC TS 63019:2019 © IEC 2019

e OUT OF ENVIRONMENTAL SPECIFICATION (with previously cited exception)
¢ REQUESTED SHUTDOWN

e OUT OF ELECTRICAL SPECIFICATION

e SCHEDULED MAINTENANCE

e PLANNED CORRECTIVE ACTION

¢ FORCED OUTAGE

e SUSPENDED

¢ FORCE MAJEURE.

Time n
e |INF

Becaus
catego
A.3

Definiti
operati

can alslo be assigned at lower levels.

PVPS
beyond
from ¢
when t
force m

This is
PVPS
conditi

bt included in the calculation includes:
ORMATION NOT AVAILABLE.
e no information about the PVPS is known in the INFORMATION. UNAVAI

Technical availability

pon — Technical availability is the fraction of a given périod of time in which a P
hg. Fractional PVPS outages are included according to capacity or capability

technical availability differs from operational availability in that categories gs
the control of the PVPSs, subsystems,components, or subcomponents are e
bnsideration. For instance, PVPS performance is not being evaluated during
he operator has requested a shutdown, an electrical connection is not availabl
ajeure event has occurred.

primarily the O&M servicelprovider's view of a PVPS and measures how of
poperated. Lost production:-outages due to maintenance as specified, environ
bns outside the specifications, and standby for internal checks, for example,

consid

In this

e FU
e PA
e SE
e OU

red unavailable in the definition.

efinition, time'considered available includes:

L CAPABIEITY
TIAL.CAPABILITY
VICE SET POINTS

LABLE

y, these periods are not included as available or unavailable and are’excluded entirely
from thie calculation.

VPS is
and/or

nerally
cluded

hours
e, or a

en the
mental
Are not

ICATIUN

e REQUESTED SHUTDOWN
e OUT OF ELECTRICAL SPECIFICATION.

Time considered unavailable includes:

e PLANNED CORRECTIVE ACTION
e FORCED OUTAGE.

Time not included in the calculation includes:

e SCHEDULED MAINTENANCE
e SUSPENDED
e FORCE MAJEURE
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e INFORMATION UNAVAILABLE.

A.4 Use of the tool

For each outage or downtime scenario to be considered, time is distributed into the mandatory
information categories, as depicted in Table A.1. Colours indicate how the individual
mandatory information categories are included in the availability calculations, with green
indicating that the time is available, red indicating that the time is unavailable, and grey
indicating hours that are excluded from the period hours and are not included in the
calculation of the performance metric.

Table A-+=Altocation to- information categories

Availabilit

=1 — upavailapility/
(availability] +
Unavailabilily)

Mandatory — Information categories

c
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Note that the operational availability accounts for all outages. A service set point limit of 50 %
is not & technical unavailability incident; however, due to the complicated nature of sgrvices
and when they may be employed,:they may have an impact on energy production gnd are
further|discussed in verificationsscenario, Clause D.10. While in service set point opgration,
when deviating from the expected performance model case(s), the PVPS is still tecInically
availablle, but it is important\to maintain a time clock for operation in all information catggories
if not spfficiently addressed in the performance model or if actual operating cases are putside
of defined parameters.

It is rot the ,guidance of this document to determine all time or contract inclusions.
Deternfinationsof assignments should be documented. It is expected that an O&M Egervice
providgr also“has a contractual performance requirement and its technical availability may
exclude categorles and/or systems and components from certaln caIcuIatlons PLNNED

exclusions. SCHEDULED MAINTENANCE WI|| be prewously determlned and outage time may
be expected and how it is to be accounted. It is not the position that the allocations of
inclusions and exclusions shown Table A.1 are fixed. The stakeholders are encouraged to
adjust allocations of risk to the scope of the parties involved. Utility-sector stakeholders may
require reporting requirements of 24 h per day (i.e., capacity payments), and the tool can be
adjusted as needed.

The technical availability can be determined for specific components in a PVPS. For example,
the full complement of inverters in a PVPS can be examined. Their availability can be
measured based on the available hours of all inverter units divided by the overall hours for
that time period (see verification scenario, Clause D.3). The availability of any major
component can be treated similarly. This will be useful if the availability is a contractual
performance requirement. Caution should be exercised on how time is to be recorded.
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Annex B
(informative)

Energy-based tracking

B.1 General

Production-based tracking for the PVPS works for the same model and categories as those
specified for capability- or capacity-based tracking. The information categories are applied to
systems, subsystems components and subcomponents as approprlate for the outage and

how the-emergy — — — y—have-been

incidenits.

imited.

pically

ing and

nongerjerating areas are areas of lost energy. Production will be metered) but lost enefgy will

approach for this process follows. For PVPS components andiservices where produ
not thg appropriate measure of capability, that model holds)," but the terms will neeq
described differently (i.e., a tracker system performancelis in terms of position accurg
has an|energy impact that needs estimations). See verification example, Clause D.5.

B.2 [Specific resource and modelling-based performance (using IEC TS 6

If required, the expected energy productionshall be calculated by performance mod¢

5. With
5is can
ctional
ction is

to be
cy and

1724)

lling in

accordance with IEC TS 61724-3, whichuincludes actual weather and operating consfraints.

The enjergy is to be measured and losses calculated based on the PVPS functional op
and coptractual specifications, whichvmay be useful for revenue valuations. Of specifi
guidange is provided in the application of:

e Regource measurement and performance model

o Simplified power curve

o |EQ 61724 expected energy calculation.

B.3 [Energy-weighted availability approach

One method-to calculate energy-weighted availability is by using the following formula:

erating
Cc note,

o 1
Availabilty =1- o — —— % (3 ncigont W hunavaiiabie )
and:
kWh_Unavailable =kWh_Event Simulated x KW _dr
kW_np
where

kWh TotalSimulated = total net PVPS energy simulated using the performance model with the

measured meteorological data throughout the test measurement period (kWh)
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t = each unavailability event

kWh_EventSimulated = total net PVPS energy simulated from the performance model only
during the unavailability event (kWh)

Nameplate power (kW_np) = the nameplate power rating of the entire solar-generating facility
determined by the sum of each module's DC nameplate kWp rating

Derated system power (kW_dr) = the value for derated (by incidents) system power will be
calculated by the amount of unavailable DC nameplate capacity for the period and is
determined by the sum of each module's nameplate kWp rating for that given unavailable

compo
not to g

Energy
during
heavy

+ D tadl S =N L ] $ HIPNSHH Y EYSH ST =
T DCTatC U Sy STeTIT PUOUWOIT TICTC ap Pt S UTITy  tuarmavamautity CUTTiaToutoTS 1

erformance deficiencies.

tweighted availability considers the energy generation opportunity less“that
an unavailability event. For example, a 1-h outage during the early morning or d
ainstorm would have a much smaller impact than if the same eventioecurred in

at soldr noon. There are a few methods to calculate this. One methéd is docume

IECTS

B.4

61724-3. Another method is presented in this document.

Fractional power estimation techniques

This clpuse describes examples of how to calculate various measures of energy lo

PVPS
(such

compa
one-lin
see Fig

Hue to outages. This technique is based on aj)determination of the fractional

ison with representative or average sectigns remaining in full capability. An
e diagram in appearance and characterization of an electrical system, illustrat
ure B.1.

ntified,

occurs
uring a
ull sun
hted in

5S in a
outage

as the energy-weighted availability appreach) of component outages through

RBD, a
ps this;
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Figure B.1 — RBD of a PVPS

Given the many )energy pathways and the opportunity for failures at any location, a |certain
portion|of thésmodules will be blocked from being able to collect and deliver power to the point
of commen-coupling. The RBD in Figure B.1 shows this by using Xs at select failure [points.
For thig ‘eXample, using a simple representation of a PVPS, the failures occur at a| power
transformer, an inverter, and a combiner box. The expected energy can be modelled or the
lost energy can be compared to the remaining production of unaffected like systems,
physically neighbouring like systems, or even averages of like systems. Care should be
exercised because multiple outages can happen at the same time, and some will affect the
same areas of the system and be on the same pathway to the point of common coupling. If
the two failures represented on the left occur simultaneously, the transformer is 50 % of the
capacity and the combiner box is 25 %; however, it is downstream from the transformer. In
this case, care should be exercised to avoid double counting. This validates the nomenclature
of the energy-weighted availability approach that calculates the amount of unavailable DC
nameplate capacity. The energy consequence will be able to be measured if "twinned
systems" have sufficient instrumentation and monitoring capability.

These outages and other events are illustrated in verification scenario, Clause D.7. The RBD
is a simplified representation, and large PVPSs will have much greater numbers of PV strings,


https://iecnorm.com/api/?name=e445939389edecc3df76b068b13c9d88

IEC TS 63019:2019 © IEC 2019 -39 -

combiners, inverters, and energy with many more pathways in the DC and larger AC
collection systems.

Users may find other optional categories or definitions of energy-based tracking more specific
to their needs. Users should also be aware of IEC 61078, which includes much more
information on RBD use and how reliability techniques can be used to evaluate the
availability, reliability, failure frequency, and other dependability measures as may be
applicable to a given system or component.

B.5 Addressing lost production in the information model

The information model is strictly based on the one specified in this document and applied to
production to capture lost energy. The main characteristics of this model are summarized as
follows| and the model has been extended to allow for production to be calculated. The
extension is done by adding two additional columns, as shown in Table B.1.

Table B.1 — Information categories and additional layers of measured, expected] and
lost production

Information categories — Layer 1 Layer 2 Layer 3 Layer 2
subtracted
from Layer 3
Mandafory | Mandatory Mandatory Mandatory Measured All-In Ldst
) Expected )
Levell1 Level 2 Level 3 Level 4 Production Production Proddiction

-
FULL CAPAB|L|\>T% 1A0GFCP, | 1a0GFCP,
$\ Measured

O]
z &
>10) PAR IAOGPCP, | |AOGPCP IAOGRCP,, -
<3 CAPABILITY 2 2
5 2 Measured IAOGPCP,
zZ= N
~N
S © ()SERVICE SET IAOGSP, IAOGSP IAOGSP
= K P P
£o POINTS Measured
r <
w w = 0 OuUT OF 0 IAONGENP, | IAONGENP,
4 g z ENVIRONMENTAL
< E SPECIFICATION
= )
g xQ REQUESTED 0 IAONGRSP, | IAONGRSP,
< 2z SHUTDOWN
z<g g =
2= z ouT OF 0 IAONGELP, | IAONGELP,
g o ELECTRICAL
= z SPECIFICATION
o
8 SCHEDULED MAINTENANCE 0 IANOSMP,, IANOBMP,
=z w
- >
=
é 8 FLANNED CURRECUITIVE AUTIUN 0 |ANOPCAPP I1ANO CAPP
Z
S
e= FORCED OUTAGE 0 IANOFOP,, IANOFOP,,
o
z
SUSPENDED 0 IANOSP, IANOSP,,

FORCE MAJEURE 0 IAFMPP |AFMPP
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Information categories — Layer 1 Layer 2 Layer 3 Layer 2

subtracted
from Layer 3

INFORMATION UNAVAILABLE * * *

Colour

Green:

Pink: L

NO

Grey: Data not available to determine values

Thg abbreviations may be useful for accounting, and the organization is based on the higherevel s
For| example, the FORCED OUTAGE abbreviation is derived from INFORMATION AYAILABLE

codes:

Positive production — metered

ost production due to unavailability

Service set points will be mixed but generally reductions and lost production are allocated here. Positive
production will be allocated under partial production because that will be metered. If the performance model
adequately models the service set points' operation and expected performance is met, then no further
assessment is necessary.

stems.
(FA),

NOPERATIVE (NO) FORCED OUTAGE (F0); P, represents production potential expected. In assembled
form, it is IANOFOPP.

* In the category INFORMATION UNAVAILABLE, for data that are missing or cannot be quantified, & value
canpot be determined.

Measu
POINT

ed production, rather than time, is recorded in the (second column. SERVICE SET
5 is measured (metered) at the full PVPS level with*the other causes of PARTIAL

PRODWCTION. Column 3 contains information on the .amount of all-in expected profluction
and should be consistent with IEC TS 61724-3 expected energy. By subtraction, the lost

produc
catego

Lost emergy and attribution to cause is the''desired metric. Tabulation of lost energy

catego
impact
of acc

differer

Figure
as adi

This ampnex does not(specify or recommend any method for determining lost energy

identifi

users and stakeholders to define the method to be used, depending on the extent

subsys

ferent service, such, as reactive power.

d

bs several possibilities and lists issues to be considered for each method. It is up

fem outage, data availability and quality, and other factors.

ion can be calculated by methods already:described and assigned by infofmation
ies. Through this technique, differentiationr’'can be made between energy |ost by

unavailability and performance deficiencies, as itlustrated in verification scenario, Clauge D.7.

by the

ies combined with performance\shortfall is useful to discriminate among |energy
5 of outages or other forms of reduced performance. Table B.1 demonstrates the utility
Limulating lost energy by, information category and is designed to be uspful to
tiate availability or energy' for contract purposes. If active energy is the dervice,
B.1 can apply. If other services are under consideration, the category can be identified

but it
to the
of the
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Annex C
(informative)

Reliability, availability, maintainability (RAM) definitions/formulas,
availability/stakeholder types, data, and optional categories

C.1 General

Availability and performance are in large part determined by the reliability of components and
subcomponents and the ablllty of the O&M process to repalr or ma|nta|n the pIant in operable
conditiT ' j Q RCED

D OUTAGES occur, reliability and maintainability metrics can, to a certain extent, be
derived from the activities and time taken to perform them. Examining the subcategoriep leads
to handling response, diagnostics, logistics, and repair and restoration, among other
considgrations. Degradation falls under the category of PARTIAL CAPABILITY and derating
under BET POINT SERVICES. These optional categories may be ‘wseful in undersfanding
trends jn PVPS conditions.

Availalfility may be both a reported (through historical tracking) and predictive metfic that
stakehoplders use to numerically characterize their requirements. Various stakeholders'
availabjility metrics may require somewhat different PVPS{attributes to satisfy their negeds for
detectipn of failure trends that lead to detriments in the)ability to produce power.

Starting with the definition of reliability, which _is."the probability that an item (component,
assemlbly, or system) can perform its intendedfunction for a specified interval under| stated
conditipns, the mission of a PVPS is to provide energy throughout its lifetime as efficiently
and reliably as possible given the qualitysof the components and understanding of the site,
grid, amd environment. Maintainability includes how much time it takes a part, comporent, or
system| to return the failed item to sefyice or to perform scheduled maintenance on an item.
Availaljility, as defined and further/characterized in this document, is a primary metric| of this
mission for reliability.

The a\EiIabIe state is whén the PVPS, a subsystem, or a component can provide dervice,
regardless of whether it(is)in service and regardless of the capacity level that can be prpvided.
Again, [the mission is(to have high availability throughout the lifetime of the PVPS giyen the
constrgints of operation at the site and the environmental limitations.

High gvailability/ is facilitated through efficient and timely maintenance and is a |critical
componentofsa PVPS. The information model includes categories for maintenance gnd the
constrginis of the external operating conditions.

The RAM methodology provides tools for assessment and improvement of the PVPS mission.

Another characterization of the energy mission of the PVPS is to understand that the
probability of producing power is a function of availability, resource, grid capability, and
demand.

Users are advised that mathematical expressions for RAM and maintenance support terms
are found in IEC 61703.
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C.2 RAM definitions and metrics applicable to forced and maintenance
outages

Reliability is the probability that an item can perform its intended function for a specified
interval under stated conditions. Some measurable metrics are:

e Mean time between failure for repairable items (MTBF)

e Mean time to failure for nonrepairable items (MTTF)

e Mean time between maintenance (MTBM), including scheduled and unscheduled
maintenance.

These |[terms are useful for the categories of FORCED OUTAGE (see Clause C.B) and
SCHEDULED MAINTENANCE for preventive and other regular maintenance that\mgintains
equipment and components. This includes replacing air filters, cleaning PV maodulgs, and
repairing corrosion-damaged parts by finding and removing items before they fail.

Mainta|nability is characterized by the relative ease and economy of timeZand resources with
whichhrn item can be retained in, or restored to, a specified condition when maintenance is
performed by personnel having specified skill levels using prescribed procedurgs and
resourges at each prescribed level of maintenance and repair. Some measurable metrigs are:

e mean time to repair (MTTR) if all tools, spares, support equipment, and personpel are
aVaEIabIe to perform maintenance;

e mean logistics delay time (MLDT), including all delays associated with obtaining (ofrdering
and receiving) spares, support equipment, travel<time to the site, and other nop-touch
labour delays;

¢ mean downtime (MDT), the average time g.§ystem is unavailable for use due to a [failure.
Time includes the actual repair time plusiall delay time associated with a repair [person
arriying with the appropriate replacement*parts.

Note tHat MDT = MTTR + MLDT.

Availaljility is a measure of the:.\degree to which an item is in an operable and committable
state. Because the function of production depends on availability, resource, grid capability,
and dgmand, this document.addresses these states as part of the information mqgdel as
categofized.

Complgting availability requires reliability and maintainability data. In this document, the time
is tracked in the categories to determine the availability metrics. For purposes beygnd the
scope pf this dogument, the data, along with deeper examination and expanded calcu|ations,
allow fpr trend analysis, cost estimating, maintenance projections, spare projections, and
more, as,may be needed by various stakeholders.

C.3 Stakeholders and types of availability

There are many different types of availability, and they depend on the stakeholders
perspectives of how the PVPS is operating and delivering services. These all require the
definition of the period of time. The use of uptime and downtime encompasses all causes.
This is applicable to many circumstances, ranging from control signals, operational decisions,
site factors related to environmental and grid state, even natural disasters. Many maintenance
activities will require outages. Additionally, component outages usually require maintenance.

Availability is also predicated on the aspects of stakeholder perspective. As a result, there
may be more specific definitions of availability to meet those needs, as was discussed in
Annex A regarding operational and O&M availability perspectives.

a) Component vendors and designers
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b)

c)

d)

These parties are concerned about the direct reliability and maintainability (MTBF/MTTF
and MTTR) attributes of the as-designed components, including, but not limited to, solar
panels, arrays, combiners, inverters, and grid interface equipment.

Inherent availability (4¢i)) is a direct measure of the inherent characteristics of the
equipment assuming that all tools, support equipment, and spares are available for repair.
The equation for inherent availability is:

MTBF

A= (MTBF + MTTR)

where MTBF (or MTTF) and MTTR are related to the individual components.
Owhers/operators

Thgse stakeholders are concerned about the ability of the PVPS to produce pawer.[This is
generally designated as operational availability (4(o)); see Annex A. As the term implies,
opgrational accounts for all potential downtime (failure or scheduled maintenance)|events
thafl remove parts or portions of the PVPS power production. The formula for operational
avalilability is:

Uptime
(Uptime + downtime)

A(o) =

Uptime is total time during a measurement period (generally weeks, months, or yeafs) that
the|equipment is producing power. Downtime consists* of all time during normal hpurs of
power generation for which the unit is not in_an operable state for all maintgnance,
scheduled and unscheduled. Note that this, dees not include night-time repainl hours
unlgss, for example, an inverter is used to generate parasitic power for the PVPS putside
of normal power generation hours. Mean downtime consists of:

MDT =MTTR + MEDT + Maintenance delay time

Total time = Average hours of daylight per year (month of year) that could be uged for
power generation if the sun is shining, or, alternatively:

Total time = Uptime + downtime (if the sun is shining)

Downtime is further'addressed in Clause C.5.

Contractual availability is a defined method to calculate the availability of the given data
from the physical reliability of the plant, environmental models, and any derating agsigned
to gllow for(the variability of power production during a specified period.

O&M sefrvice provider

Dembonstrated availability A(d) based on the actual metrics derived from the field fata. It
may be partially based on measured uptime and downtime and combined with the
electrical power measurements (metered energy). It may also provide the basis of
determining levelized energy costs. Much of this information is used to determine through
trend analysis the O&M costs, what kinds and/or types of spares are needed, where they
should be located, and the type and size of the maintenance force.

Electrical utility or power purchasers

Electrical power availability 4(e) considers that the PVPS is available to produce power if
the sun is shining at a sufficient level to produce electrical energy through solar
conversion (light to electricity). Note that for utility-scale PVPS, the rated energy is often
predicted for use in the utility sector operations.

Financial institutions

Capacity availability is defined in 6.2 for measuring overall capacity of the PVPS for many
stakeholders.
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Energy availability is defined in 3.8 and uses the process of IEC TS 61724-3 and
conditions. Energy-weighted availability is the estimated energy available usi
performance model that includes weather and operating constraints as considered
document and described in Clause B.3.

Technical availability as put forward in Annex A may be a form of contractual avai
The scope of the PVPS included as well as operational constraints will be adjust
the scope of contracts.

C.4 Data

Ava|lab|I|ty metrlcs h|ghly depend on data gathered on the PVPS operatlon and fallures
be des[cT [ e q

enginegring prmmples and stat|st|cal methods. It pr|mar|ly comprlses two pieces:

a) a
par|
b) a fgilure reporting, analysis, and corrective action system that emphasizes cd

improvements through a feedback process that aims to "close the loop", thus redug
like]ihood of recurring failures.

nt-child relationship of components connected in series and/or in parallel.

C 2019

actual
ng the
in this

lability.
able to

It can
Eliability

database that allows for proper serialization of PVPS components, recegnizing the

ntinual
ing the

Forced|outage incidents include failures, faults, or trips of PVPS components or systems that

lead tg outages and loss of availability. Forced outages can“irigger significant amolnts of
data ng¢eds depending on the sophistication of the O&M process. Innocuous incidents, such
as nuigance trips, may be quickly addressed without major effort, whereas failures gausing
loss oflcomponent function can necessitate greater repair or replacement actions. Taple C.1
shows jan example of information that is typically included in an incident report. What follows
is an Txample of thorough asset management tecord keeping, which would be use¢ful for
determjning unavailability time and the extent of(FORCED OUTAGE metrics.
Table C.1 — Reliability metrics description
A more detailed description of the incident. This would include information
regarding how the failure manifested or the details of what prompted|a
Incident description plannéd event. This would also include information regarding any abhormal
conditions related to either disturbances of the grid or environmental
conditions (weather)
Occurrg¢nce date/time The date and time that the incident occurred
Creation date The date and time that the incident was created in the database
Warranlty repair Is the item currently covered by an active warranty?
Servicq response.date The date and time that maintenance personnel responded to the inciflent
Diagnoptic time Subcategories of FORCED OUTAGE restoration time
Logisti¢ delay Subcategories of FORCED OUTAGE restoration time
Repair Hmre Stubeategoresof FORCED-OUFAGErestorationtime
Incident status The incident can be "open", "closed", or "under review"
Verify repair Subcategories of FORCED OUTAGE restoration time
Current operational status of the system affected by the incident —
System status . .
available, unavailable, degraded, etc.
Incident report type Type of corrective maintenance or action as applicable
A high-level description of the failure or maintenance action. Examples

Incident categor y h . : .
gory include hardware failure or environmental induced failure.

repairs and testing have been completed.

The date and time that the component associated with the incident was
Restored to duty time/date brought back to an operational state in the system. This assumes that all

Source: Sandia National Laboratories, SAND2014-20612, clause 2.2.2
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C.5 Forced outage — optional categories

C.5.1 General

Availability is in large part determined by the reliability and maintainability of components and
subcomponents. This falls under the category of FORCED OUTAGE. Examining the
subcategories leads to response, diagnostics, logistics, and failure repair, among other
considerations. These subtopics apply to repairable components.

The following optional information subcategories can be applied to increase the detail of the
mandatory |nformat|on category FORCED OUTAGE The ma|n purpose for this optional
informa C a ages of an
outage| workflow after detectlon of a component or system or issue and provrdlng data for
reliability analysis.

e Regponse
¢ Diapnostic time
e Lodistic time

e Repair

The asget management function is to accomplish these steps-as expeditiously as possible to
mainta(n high availability. Although energy is captured when rradiance has met the thrgeshold,
O&M dctivities can occur at any time subject to the détermination of the O&M prpviding
organizations.

When § FORCED OUTAGE category is encountered, an outage workflow can be useful for
monitofing the condition states of specific equipment items, subsystems, and the entire| PVPS.
This cgn aid in reliability analysis, i.e., root cause analysis, which can then be used to provide
insight|into the cause of equipment forced«qutages and the role of response time. The time
terms {o be observed can be as specified in this subclause. The overall workflow fan be
separated into the optional information categories, as depicted in Figure C.1.

c
il
®
o
o
[o1
o
c
. 2 £
E ) ®© >
¢ 2 £ T ®
> 8 2 4 o
o Y =} -
- o 5 ! @ z
0] 3 g © he] o 9
© o = £ L 5 o
o g 5] © T o E
3] ] 3 0] 3 3 o)
< : g o . : S
o o ® 9 L 5 e
3 3 = > 3 3 3
S T 2 o T i S
Status | |® T i A o i o
| | | | | | I
| I I I I I I _
Informati (R) (D) (L) (D) (L) (F) Time
nformation o L g L )
category Response Initial Logistic On site Logistic Failure
time analysis time - failure time. Repair repair time
(remote) Response analysis resources
time from acquisition

service

team
IEC

Figure C.1 — Typical flow time for failure/correction

As shown in the schematic workflow, the time period from when a fault in a PVPS is detected
to when the failure is repaired, and all alarms/events are cleared can be assigned into the
information model of four optional underlying information categories of response, diagnostics,
logistics, and repair. The sum of the different information categories can be referred to as the
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total downtime for a forced outage event. This would be the same as the entry and points for
the items in the forced outage information category defined in 5.15.

The exact day/time of failure detection may be hours, days, or months after the failure or
event occurred. Unless estimated and included in the model by an approved process, it
represents lost data and energy. See Annex E for considerations regrading levels of
monitoring and verification scenario, Clause D.11.

The forced outage subset information categories defined are described in further detail.

C.5.2

Response time (R)

Definiti
until an

In the

. faillrre acknowledgement;
f

e not

e wai

Entry p
the PV

Exit po
by man

C.5.3

Definiti
sympto
action.
e initi

e em

pn — This can be used to accumulate time periods from the notification of any
action on the event has been initiated.

vorkflow breakdown following detection, this category could cover, buthis-not limi

ication time for service partner response;

ing time for approval to initiate a corrective action.

oint — An internal fault or external command is received or otherwise discovere
PS does not automatically return to the operative category.

nt — The operator detects and logs fault or status. A PVPS can exit this catego
ual intervention.
Diagnostic time (D)

pn — This subtopic can be used:te’accumulate time periods spent to analyze
m, related measurements, and findings indicating a failure and planning co
In the workflow breakdown, it'covers, but is not limited to:

al analysis of fault detection data;

ote detailed analysis_ of fault data by local or remote means;

e additional analysis;
e additional clarification or testing required;
e plapning corrective actions;

e approvaleficorrective actions.

Entry goini— The operator detects and logs fault or status. The PVPS can enter this

event

ed to:

bd, and

ry only

a fault
rective

mode

only by Tmanuatimtervemntion:

Exit point — The operator has completed analysis and determined required action. A PVPS

can exi

C.54

t this category only by manual intervention.

Logistic time (L)

Definition — This subtopic can be used to accumulate time periods used for logistic activities
such as, but not limited to:

e transportation of tools;

e service team setup;

e ordering support tools

e ordering spare parts;
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e waiting time for resource allocation;

e |ead time for tools and test equipment required;

e lead time for spare parts required;

e methods of procedure approvals;

e processing paperwork;

o funding, if applicable, and approvals.

Entry point — The operator has completed the analysis and determined the required action

and has initiated actions such as ordering parts and calling the repair team. A PVPS can enter
this category only by manual intervention.

Exit pojnt — All the required actors and equipment are in place for the activities ealled for by
the curfent diagnostics. A PVPS can exit this category only by manual intervention.

Logisti¢s time can occur multiple times throughout the period of a forced outage recovery.

C.5.5 Repair time (F)

Definitipn — This subtopic can be used to accumulate time periods-for implementation of repair
activitigs for repairable or nonrepairable equipment such as, but.riot limited to:

e gain of accessl/isolation for work performance area;
e change of control software version;

e repqir or replacement of component part;

e verification of return to specified operable state;

. insIection or audit related to repair activity;

e acceptance test for finalizing repair activity;

e plaging the unit back into service;

e documentation.

Entry goint — The repair activity begins either locally or by remote access. The PVPS can
enter this mode only by manual intervention.

Exit pojnt — This optional information category is terminated by manual intervention when the
repair activity is completed.

Nonregairable components: failed components that cannot be repaired and shall be rgplaced
to restgre’full capacity.

C.5.6 Partial capability — optional category of degraded

The optional information categories are introduced to provide further understanding of the
mandatory information category.

This subclause and Clause 5 briefly identify optional information categories that can be
applied when more detailed information is required to address specific information needs. All
optional information categories shall be located on Level 5 or higher to comply with this
document.

The following is an optional category under the PARTIAL CAPABILITY category.

Definition — The information category of degraded can be used to accumulate time periods
when a PVPS is operative and generating power with reduced performance because of
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internal constraints. Internal constraints could result from gradual material deterioration,
component damage, or the need to prevent component damage, for example, inverter cooling
subsystem issues.

Although not specifically measured or identified with a performance metric, the degradation
factor is described and accounted for in the IEC 61724 series and is one of the metrics
calculated in that series. Expected degradation is not to be assigned in this document
because it is already characterized within acceptable ranges of degradation and is not an
unavailability issue.

Even though it is not quantifiable with typical data collection systems, if the assessment of its
impact is necessary, it should first be identified, characterized, and quantified paositively as
degradption. If the assessment result exceeds the degradation boundaries defined|in the
expecteéd energy calculation, it can be accounted for as a loss of capacity availability in the
PARTIAL CAPABILITY category as excess degradation.

Care should be exercised to avoid double counting. The assignment to availability sholuld not
be duplicated when reporting the future performance metrics used in IEC64724.

The degraded optional information category is an underlying *category of PARTIAL
CAPABILITY and has no predefined underlying information categories.

Exampl|es:

. corIponent or module degradation;

e inverter bridge semiconductor degradation.
Entry goint — When the degradation is detected~and able to be quantified to have exteeded
predefined limits.

Exit point — The causes of excess degradation are cleared and/or the capacity availapility is
re-ratefd and energy performance is reecalculated (as a derating) and accepted. Degradation is
caused by internal influences, andtderating (addressed as follows) is influenced by ¢xternal
decisions.

Degradation is a loss of performance as a result of recoverable and nonrecoverable gauses.
Soiling| is the commoh Jexample of recoverable degradation. Wear-and-tear modes are
commdn examples, ofnonrecoverable degradation. Recoverable degradation is typically
remedied by cleaning (solar array wash controlled by O&M). Nonrecoverable degradation can
be remgedied by-equipment overhaul.

Degradation_is a loss of performance as a result of recoverable and nonrecoverable gauses.
Soiling| is\the common example of recoverable degradation. Wear-and-tear modps are
common examples of nonrecoverable degradation.

Note that if some of the internal constraints are not cleared, then that part of the PVPS
remains in an indefinite state of degradation. If this is the case, the observed degradation
should be compared to the expected energy calculation results of the performance model in
accordance with IEC TS 61724, for consistency and remaining management of contractual
expectations. Verification scenario, Clause D.7 illustrates a process of accounting and
recommendation for investigation for energy shortfalls.

C.5.7 Partial capability — optional category of derated

Definition — The optional information category derated can be used to accumulate time
periods, specifically when a PVPS is operative and generating at reduced power because of
constraints.
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The derated optional category is an underlying category of PARTIAL CAPABILITY. The
derated category is optional.

Entry point — An event or manual intervention prohibits a PVPS from operating at specified
levels. At the component level, this derating will cause PARTIAL CAPABILITY at higher

system

levels.

Exit point — All constraints that prohibit a PVPS from operating at a specified capability are
cleared.

If some of the internal constraints are not cleared, then that part of the PVPS may remain in

an ind
degrad
compo

C.5.8
Definiti

and/or

catego

S ot = 0 talcabald . . | PR + £ fral
e otdiv. 1T Ul QUTITC OIANTUTIVIUCT O, INCTT Illay LYA>Z GIIUUHII IIIIVGUI. LAY EAYAYARE-AY] |ntS Or
ption, as described previously, that a derating or rerating of the PVP§|or its
nents may be declared and accepted without repair or replacement.
Partial capability — optional category "other"
pon — The optional information category "other" can be used to accumulate time periods
specifigally when a PVPS or component is operating at reduced power)because of unglefined
undetermined constraints.
The "ofher" optional category is an underlying category of PARTIAL CAPABILITY. The|"other"
y is optional.
oint — An undefined and/or undetermined situation prohibits a PVPS from operating at

Entry p

specifigd levels. At the component level, this derating will cause PARTIAL CAPABILITY at

higher

Exit po

system levels

int — All constraints that prohibit a PVPS from operating at a specified capability are
cleared.

If the ipternal undefined and/or undetermined situational constraints are not cleared, thlen that

part of
into ca

the PVPS may remain in afnindefinite state. If deemed significant, some inves
Ise, solution, and recategorization is warranted.

igation
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Annex D
(informative)

Verification scenarios

D.1 Grid outage

D.1.1 Scenario description

A PVPS is operating at full functionality without any forced outages or any other activities or
situatiops—that+reduce—its—capabiity—or—availabiity—he—gridthataccepts—the—energy—s on a
radial feeder to the PVPS and suffers a heavy late spring ice storm that topples some)jfowers.
It taked the utility two weeks to restore service. What is the monthly availability of ¢the' PVPS?

D.1.2 Analysis and conclusion

The two-week duration occurs at a time of the year when the awailable resolrce is
approx|mated by an average 10 h (notional data, typical for the, erification scenarios -
repres¢ntative of data to be recorded from monitoring systems) of operating (or, in this case,
outage) time per day with 300 h in the month. This is overly simplified; in reality, this depends
on the kite, latitude, and measured resource time and the performmance model for the eXdpected
(lost) energy. However, in this case, we are concerned only with capacity and time peripd.

Table D.1 — Verification scenarios — grid event

Mandatory,Information Categories
2 >
MEANINIG OF COLOURS: N ol = g § 2 = 2
o o g ol - E g E
E available oVl & B S o H > = 2
ol ® < - ] © T ©
c| £ o £ 2 o g o o € > =
RED = uhavailable g sl & o & t o F P 5 3 e >
5% 8l 3| o 8 g 8 5| 3 & 5 ¢ 2
GREY = [excluded from period hours gl 8 o g 2 s 8| Ef o = g = o S
ol =| 8 s S| o o £ E & b= =
ol ® 2 B @ S = ° @ o ® £ © c
= 3 S| e o & o = = <
S| 5 5| 51 3 5w s 5 8 5 <2 g °
Ll ol w| O x Ol 2| a| u| o u| £ o [
Operational availability X
Teehnical availability X
Event or incident Comments
The PVPS is fully
[he gridisost operable but
or 140 h but unable to feed
Huring,the month | power for the
#1 as\another event. This PVPS 160 140 53,3 % 100,0 %
160 h of is in the out of
operation for the | electrical
month specification state
during that period.

As shown in Table D.1 for the grid/electrical network aspects scenario, there are 140 h when
the network is not available to export power. This situation is considered unavailable from the
system operator's perspective but not from the PVPS technical perspective because this is
clearly beyond the control of the PVPS, which is fully functional. By definition, the PVPS is
operative but not in service (generating). It is not functioning because the electrical
parameters are out of the design specification (i.e., no voltage to synch to).

To report the PVPS as 100 % technically available during a month of many hours of OUT OF
ELECTRICAL SPECIFICATION is an apparent contradiction to the low operational
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unavailability of 46,7 %. Practically speaking, the low operational availability will be excused
because it was neither caused by nor under the control of the PVPS

D.2 Entry and exit points

A PVPS operates for one week of 50 h (notional data) of sufficient solar irradiance for
operation. In that time, it experiences a grid event and a number of forced outage issues,
which are tabulated in Table D.2, with durations indicated by the time period of duration
between entry and exit of the information categories. The grid outage, like that previously
described, occurs between hours 5 and 15. The main power transformer is also out of service
because of an issue from hours 10 to 20. A combiner box has a 5 h outage from hours 25 to
30, and—a string to that combiner box IS out from hours 20 10 30-.

Table D.2 — Verification scenarios — grid/electrical network aspects

Event/
Hour

Grid
1 of 1

Power
transfofmer 1
of 2

Comb. pox
10of 4

DC cable
10f 8

Full PVIPS
Instant 100 % 0 % 0 % 50 %, 1+87,5% 75 % 100 % | 100 % | 100 % |[[100 %
op. avdil.

Full PVPS
Instant@dneous
technicpl
availabjlity

100 % | 100 % 50 % 50% | 87,5% 75 % 100 % | 100 % | 100 % ||100 %

The entry and exit times.are clearly shown in 5-h increments for simplicity sake. The entry
and eXit are clearly défined. Having multiple events complicates matters. To assgss the
impact| on availability_of PVPS capacity, one should assess the impact of each Joutage
(downtime) and the.PVPS impact represented by the incident. The PVPS is illustrated| by the
RBD il Clause B&-(shown again as Figure D.1), and the discussion of the fractionall power
estimafion techniques holds true.

There is\0hly one point of common coupling with the grid, so its outage impact is 100 %

There are two power transformers in the substation, so each is 50 %.
Three are four combiner boxes, and each represents 25 %.

With eight DC cables from the strings, each is 12,5 %.
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Figure D.1 — RBD of PVPS with multiple outages

The power transformer outage occurs simultaneously with the grid outage for 5h. In
accordance with Table 3 — Information category priority for PVPS, the transformer outage
takes priority for availability assignment. A FORCED OUTAGE is a higher priority than the
OUT OF ELECTRICAL SPECIFICATION of the grid outage. It is recognized to have a major

impact and is a priority for repair.

The concurrent DC cable outage with the combiner box needs more information. In this case,
it is confirmed that the cable feeds into the failed combiner box, so care should be exercised
so as not to double count the extent of the lost capacity. Both are FORCED OUTAGES, so
there is no need to apply a priority rule.
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For this simple example, the available times can be averaged. For more complex situations,
the formulas in Clause 6 and Annex A can be applied with data that are not notional (i.e.,
measured).

For the week, the average operational availability is 71,25 %, and the average technical
availability is 86,25 %.

D.3 Inverter outages

The operational and technical types of availability are further illustrated in this verification
scenario.

The sgme PVPS is operating at full functionality without any forced outages or any other
activitig¢s that reduce its capability or availability. An inverter fails and trips offline.,,The [outage
is due fo a failure and is, by definition, a forced outage.
Again, the available resource is approximated by an average of 10 operating hours perjday. In
this PVIPS model, this inverter is one of two of the same rating. The outage lasts 20 opjerating
hours Wlintil service is restored. What is the monthly availability of the PVPS, and how does
this fit [nto the information model?
Analys|s and conclusion: The 20-h duration of the one,inverter puts the PVPS intp 50 %
availabijility during the single inverter outage.
Table D.3 — Verification scenarios — inverter outage
Mandatory Information categories
MEANINIG OF COLOURS: ® z
lelg| |8 3| 3 2
E available b 2 3 = = ® g
Qo o ) o © - -
. | E|2 8|5 © = S =
RED = upavailable > E -g g' 3 .g @ o o | g © s
= o = [ = © ©
GREY =[excluded from period hours 2 g | S g o 213 § T .“3_’. s g ©
© s lo|lc|lo|2|c|=|3|3|®|s 9 o
2 1% lelo|D|l2]c]|0 c|E|® 5 'E
S| s |els|e|s|2|°|8|2|el|E 5 5
= |2 |2|<|3|=|S|s|e|&|C]|s 2 o
2 |elaldlelolslalllalllE ° -
Operational availability X
Technical availability X
Event o1l incident Comments
Aninverter trips
#1 out/and Other than that, Capacity | Capacity
PVPS roguires the PVPS s fully 280 1 20 20 basedis ased is
(full) service. Outage | operable. 96,7 % 96,7 %
time is 20 h.
#2
Failed One inverter 280 20 93,3 % 93,3 %
inverter
#3 Two inverters:
Inverter hours are 580 | 20 20 96,7 % 96,7 %
fleet (2) doubled

The availability of the PVPS for the month will be the same as the inverter fleet of 96,7 %.
This can be measured. The energy lost will be approximately the same as the energy
produced during the partial performance period of the one inverter outage time. Note that the
20 h of FORCED OUTAGE are simultaneously the 20 h of PARTIAL CAPABILITY because the
outage brings the PVPS off FULL CAPABILITY.
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The formula in 6.2 similarly uses the amount of unavailable DC nameplate capacity.

With more granularity (i.e., 5-min recording intervals), the actual numbers can be used
instead of broad assumptions. Some of this is addressed in Annex E on information
management practices.

D.4 Inverter overtemperature outage

D.4.1 General

A PVPS is designed for a high-temperature desert environment. It has one inverter with four
sub-inerters. The specification for the selected inverter is for an ambient temperature rarely
reachef at the site and to be installed in outdoor enclosures in the direct sunlight_in . the array
filed. Tlhe first summer of operation was exceedingly hot. One sub-inverter overhedts and
fails, which requires manual intervention before a restart (75 % capacity is available for this
period)l The failure occurs within the specified conditions of the operational“window| of the
invertef. The site is unmanned, and it takes a period of 20 h of operational-time to accomplish
the restart. There were 50 h of operational time in the week of the event.

Table D.4 — Inverter overtemperature outage

Mandatory Information categories
° >
MEANINIG OF COLOURS: sl N8 H e = >
ol <3| "o = = 2 =
. ol O ) o © © =
F available 2 g e\3T| = © > = .'Qu
= = \“2 © © © © =
) > = ol 2| © S| o ol § H H
RED = ufavailable =2 8 92| w E|l o =5 T 5 s >
= ] ol © 9o 3| o o < © ©
S S8 2l B o 5| 8 3| 9o & 2 g =
GREY =[excluded from period hours a okl\gl o % g 51 ° g g % o S
8 & Vel 5 o 5 2 o % o o E ® =
=|E Z| o 3 < £ gl o & ¢ § =@ S
] 5| ® ® - o
B¢ o 6| ¢ o =| = & & & F o e
Operational availability: p X
Technical avajlability X
Event o1 incident Comments
The PVPS was 100 %
Full at 75 % during 30 |20 20 100 % °
pyps| | the sub-inverter Moo o mbient
outage.
temperature spec.
[
The inverter was \gf:ezlgesg but not 100 % (91003 o
at 75 %.during ’ 30 |20 20 (90 % o
Inverte B . dapacity
the Subsinverter capacity dvail)
outage avail.) ’

D.4.2 Assessment and conclusion

It was determined that the outage was caused by an internal temperature trip for equipment
self-protection. By the IEEE availability definition, the inverter was not in FORCED OUTAGE
when the output is reduced but the sub-inverter was. Since the environmental temperature
was not met, this event suggests that this non-conformance be assessed. The time to restore
is assigned to the FORCED OUTAGE.

Care should be taken in the overheating of components as it may lead to damage and
reduced life. Heat transfer and rejection may be a substantial issue. The resolution may be in
reassessing both ambient temperature capability and heat effects in the enclosure at the site
in direct sunlight. Should a decision be made to correct or mitigate the failure to meet
specification, a PLANNED CORRECTION ACTION will be performed and if an outage is
required then the downtime will be attributed to a PLANNED CORRECTIVE ACTION.
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Further, if maintenance is required that could be assigned to a forced outage (i.e., plugged
filter), then the availability should be accordingly adjusted. PVPS components, which through
better design may have broader operating ranges, will have increased operational availability
as expected because they will operate for more hours. Temperature specifications are an
example of metadata that are common with components and their specifications.

This example illustrates how outage time impacts the capability of the PVPS as an earlier
restoration would have minimized the outage time.

Finally, this example recognizes how different availability numbers fit into the information
model at different levels of the PVPS. The formula of 6.2 recognizes this fact and capacity
availability is useful in tracking PVPS capability for accumulated outages at all levels since
discretg outages get rolled up to PARTIAL CAPABILITY at higher levels of the systemy

D.5 ([Tracking system outage

D.5.1 Scenario description

The PYPS is operating at full functionality without any forced outages’or any other agtivities
that refluce its capability or availability. The same storm that hit'the transmission system in
the scgnario in Clause D.1 passes through the PVPS with high‘winds at night. Two days later
when ipspected it is observed that one tracking system is out of position and not fungtional.
The trgcker is then secured into a horizontal position and_restored to service by solar noon on
the cloge of business of the fifth day after the storm. By definition it is a forced outage of the
tracker| The system has a 1 MW DC rating and consists of 25 tacking systems. What is the
monthly availability of the PVPS and how does thisiit into the information model? This is the
only ing¢ident for this month.

D.5.2 Analysis and conclusion

This is| a difficult situation to assess. Looking at the RBD, it is observed that the rgle of a
tracker|is not one of current carrying Capability but rather that of position. Like the poiition of
the sun throughout the day, the energy loss due to a failed tracking function will be variable.
Looking at the energy availability;”we can see that there will be less than a 1/25th refluction
because the array will still collect energy, and this will be mitigated even further once
securedl. Again, 10 h per day of PV operation is assumed.
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Table D.5 — Tracking system outage

Mandatory Information categories
2 >
5 c o =
. | gl 8 o © = >
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Speratiomatavaitabitity X%
Technical availability X
Event o1 incident Comments
One tracker fglls The PVPS is
#1 out of 25 and is operable and
PVPS |l secured after a\?ailable but not 250 | 50* 50*% Capacity ||Capacity
full 25 h and fixed - based is ||based is
at hour 50. at full capability. 99,3 % 99,3 %
#2 250 | 0 50 83,3 % 83,3 %
Tracker
#3
Tracker 7 450 | 50 50 99,3 % 99,3 %
fleet

*The 50 h of forced outage are the same hours that put the PVPS into/partial capability.

Operat|onal availability and technical availability@umbers are the same for forced outages.

The 50| h of the trackers' forced outage ischie same time period (50, which results in PARTIAL
CAPABILITY of the PVPS as it rolls up). There are 24 trackers still working for those five
days, and those five days representonly one-sixth of the days, and the energy impdct was
perhapk (estimated) to be one-third (notional rough assumption but can be detgrmined
through data) for the five days.on:that tracker. This approach has a lot of assumptions} and if
twinneT system data are not.available, the analyst could use the performance mgdel to
determjne the expected energy impact. If the field is sufficiently instrumented, it could glso be
measufed. (It depends en'the resource, position, and time granularity to accurately defermine
the engrgy/revenue |@sSs:) From an energy perspective, trackers in a horizontal positipn with
clouds may lose 20 % to 25 % per day, but this is calculable.

At 99,8 % availability for five days, this was not a severe outage, but multiple dutages
accumuilate~to. affect availability and energy. A more rapid response with sufficient and more
granulgr dnstrumentation for detection and spare parts demonstrates how this outagef could

have ah-even-more-minimalimpact-on-availability
L J

D.6 Information category priority

D.6.1 General

There will be times when multiple outages occur. The prioritization for these combined
outages is provided in 5.6. As stated, the priority designation for events determines the
precedence for assignment of the PVPS or affected components and a transparent
designation of time. In the following scenario, a PVPS with a single inverter is out for a full
week waiting on logistics in winter. During that time, snow covers the modules, beginning on
Tuesday and lasting through Friday. On Wednesday, area conditions are so bad that the civil
authorities close the only roads available to reach the PVPS. A chinook weather event (high
wind but warming) hits the area early Thursday, which causes a grid outage for the daylight
hours; however, the snow coving the modules melts by evening.
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D.6.2 Assessment

Monday has one outage incident, and that is a logistics wait for parts and labour to solve the
inverter problem. By definition, this is a FORCED OUTAGE. Tuesday finds that the modules
are covered by snow, effectively reducing their output to zero. This is an OUT OF
ELECTRICAL SPECIFICATION event for the modules. This occurs concurrently with the
outage of the inverter. For the full PVPS, a forced outage is a higher priority, 9 vs. 4, and the
PVPS remains in a FORCED OUTAGE state. On Wednesday, the civil authorities close the
roads except to emergency vehicles; by definition, this puts the PVPS into a condition of
SUSPENDED operations. This has a priority of 10, higher than a FORCED OUTAGE. Refer to
Annex A for the operational vs. technical availability inclusions and exclusions and how a
contract may have deviated from those assignments, but typically in a SUSPENDED stage all

caaco adan rnac

tgge, an

erson«nl nnnnn Haono Al Ll Thiie h hicgh awiande that Ao o ~riA -~ o
P e-operations—wil-cease—Fhursday—brings—high—winds—that-eause—a—grid—outs

OUT QF ELECTRICAL event, priority 6, still lower than priority 9. But the chinook| brings
warming, and the snow is gone before Friday daybreak. The inverter parts and crew festore
the inverter on Friday, and on Saturday normal operation is restored with full capability.
Table D.6 - Information category priority
Event M T w Th F Sat Sun

Invertef out FO FO FO FO FO

Snow covering Env Env Env

modulels

Icy roadl closures Susp

Wind, grid out Elect

Priority] 9 9 10 9 9

D.7 |Verification scenario — Energy:-measured, expected, and lost

D.7.1

A simp

heavy PV saturation. It does\nbt function in constrained operation, although the op

utility g

Scenario description

le 500-kW PVPS is operating as distributed generation on a distribution circjiit with

oes have dispatchtcontrol of the PVPS and other PV systems. This is becal

erating
se the

circuit [sometimes experiences high voltages exceeding required regulation. The| PVPS
operatjs for one week with 42 h of sufficient irradiance, and the expected production| based
on weather is 20 400.kWh; however, there were a few downtime incidents:

a) Thg inverter-disconnected for 1 h due to delivered grid voltage out of specification.

b) Thdre was.also 1 h when the distribution grid operator curtailed production during general

hig![ voltage on the circuit.
c) As ' Ted,; T .

d) A maintenance-induced forced outage followed that took 1 h to correct.

All events took down the full PVPS. None of these events occurred simultaneously. Energy
units are in kWh.

Table D.7 summarizes these events in terms of lost energy.

The PVPS was previously suspected of having a performance problem. The energy lost due to
known unavailability events was determined using techniques described in Clause B.4 and
Clause B.5 and is shown in Table D.7 at a value of 1400 kWh. The time durations were
recorded and are listed later.
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Table D.7 — Combined performance and availability

Events Lost energy (all in kWh, Typ.)
REQUESTED SHUTDOWN 200
OUT OF ELECTRICAL SPECIFICATION 500
SCHEDULED MAINTENANCE 300
FORCED OUTAGE 200
Total lost 1400
D.7.2 Assessment

The mTasured production of the system was 18 000. There was no partial production

unavai
should
was asg
not attn

ability events. By use of the performance model, the "all-in" expected pro

signed to information categories and totalled 1 400. "Performance:losses” th

Table D.8 — Key metrics

ibuted to unavailability are calculated. The result is 1 000, as shown’in Table D.8.

due to
Huction

t were

have been 20 400 kWh. According to Table D.7, the energy lost due.te unava{lability

Measured "All-in" expected Lost production due Measured production Performance |osses
production (while production to unavailability plus accounted losses
avallable)
_ 20 400 -
14 000 20 400 1400 18000 + 1 400 = 19 400 19 400 = 11000

The sym of the measured energy plus the “energy lost due to poor performance plus the
energy|lost due to unavailability should equal the expected energy.
Overall PVPS performance is summarized in Table D.9. Performance is defined py two
metricqd: unavailability of componenis and reduced performance or losses. Availability is an
indication of component status;:and the energy measurement is also needed to gonfirm
underpgerformance not detectable by lost availability. This example confirms two 4spects
relevant to both IEC documents. The methods of this document are shown in yellow, and the

IECTS

63019 approaches-are shown in blue. Combined approaches are shown in gree

n.
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