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INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND ENERGY GENERATION SYSTEMS -
Part 26-1: Availability for wind energy generation systems

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard |IEC 61400-26-1 has been prepared by IEC technical committee 88:
Wind energy generation systems.

This first edition cancels and replaces IEC TS 61400-26-1:2011, IEC TS 61400-26-2:2014 and
IEC TS 61400-26-3:2016.

The text of this International Standard is based on the following documents:

CbhV Report on voting
88/665/CDV 88/705/RVC

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

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2Documents
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A list of all parts of the IEC 61400 series, under the general title Wind energy generation
systems, can be found on the IEC website.

Future standards in this series will carry the new general title as cited above. Titles of existing
standards in this series will be updated at the time of the next edition.

Mandatory information categories defined in this document are written in capital letters;
optional information categories are written in bold letters.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

The intention of this International Standard is to define a common basis for exchange of
information on availability metrics between stakeholders in the wind power generation
business such as owners, utilities, lenders, operators, manufacturers, maintenance providers,
consultants, regulatory bodies, certification bodies and insurance companies. From this
diverse group of stakeholders, a number of external and internal interfaces arise in the
operation and delivery of power. Some of these are energy related and many are
informational. Since the intention is for a common basis of informational exchange, many of
these interfaces are illustrated in Figure 1, which identifies external and internal elements
related to energy production and asset management and which also benefit from a defined set
of terms. This is achieved by providing an information model specifying how time designations
shall be split into information categories.

Power Capacity
factor

Regulatory,
- regulatory grid operations, Other key
grid operators and managing org. performance
serving utilities, power traders, ndicicrs
market organizations

Customer / grid External data users — Energy production orecastin
requirements . . g
Wind energy generating system

Internal data users — Asset management

Lost energy / . . Scheduling
production Project developers, designers/manufacturers, Oand M
engineering financiers, insurers, policy makers,

maintenance providers,
operators,

owners Parts /
Performance components
modeling
Cost/ Labor
revenues

Figure 1 — Data stakeholders for a wind energy generation system

Throughout the document, reference is made to wind energy generation systems (WEGS);
however, the document may be used for a single wind turbine (WTGS), as well as for any
number of WTGSs combined with additional components to represent a complete wind power
station (WPS). The designation WEGS used throughout the document thus shall be
understood as the specifications being applicable to individual wind turbines as well as for
wind power stations.
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The information model specifies the terminology for reporting availability indicators.
Availability indicators include time-based and production-based availability. A WEGS includes
all equipment up to the point of interconnection, or in case of a single WTGS in a WPS, the
interconnection point defined by the user. Availability indicators are based upon fractions of
time and the amount a service is providing or capable of providing within the time fractions,
taking internal and external aspects into account. Internal aspects will include the WEGS’
components and their condition. External aspects are wind and other weather conditions, as
well as grid and substation conditions.

1 Defined in IEC 60050-415:1999, Definition 415-04-01.
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WIND ENERGY GENERATION SYSTEMS -

Part 26-1: Availability for wind energy generation systems

1 Scope

This part of IEC 61400 defines an information model from which time-based, and production-
based availability indicators for services can be derived and reported.

The purpose is to provide standardised metrics that can be used to create and organise
methods for availability calculation and reporting according to the user’s needs.

The document provides information categories, which unambiguously describe how data is
used to characterise and categorise the operation. The information model specifies category
priority for discrimination between possible concurrent categories. Further, the model defines
entry and exit criteria to allocate fractions of time and production values to the proper
information category. A full overview of all information categories, exit and entry criteria is
given in Annex A, see Figure A.1.

The document can be applied to any number of WTGSs, whether represented by an individual
turbine, a fleet of wind turbines, a wind power station or a portfolio of wind power stations. A
wind power station is typically made up of all WTGSs, functional services and balance of plant
elements as seen from the point of common coupling.

Examples are provided in informative annexes which provide guidelines for calculation of
availability indicators:
e examples of optional information categories, Annex B;

e examples of application of the information categories for determination of availability,
Annex C;

e examples of application scenarios, Annex D;

e examples on methods for determination of potential production, Annex E;

e examples of how to expand the model to balance of plant elements, Annex F.

This document does not prescribe how availability indicators shall be calculated. The standard
does not specify the method of information acquisition, how to estimate the production terms

or to form the basis for power curve performance measurements — which is the objective of
IEC 61400-12.

A degree of uncertainty is inherent in both the measurement of a power curve and the
calculation of potential energy production. The stakeholders should agree upon acceptable
uncertainty parameters.

2 Normative references

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

IEC 60050-415, International Electrotechnical Vocabulary — Part 415: Wind turbine generator
systems Documents
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IEC 61400-1, Wind energy generation systems — Part 1: Design requirements

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-415 and the
following apply.

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

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

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

3.1.1
actual service delivery
quantified level of a service provided by the WEGS as measured

Note 1 to entry: Actual service delivery can only be assigned to measurable services.

3.1.2

balance of plant

BOP

infrastructural components of the WPS except for the WTGS(s) and its internal components
and subsystems

Note 1 to entry: The infrastructure normally consists of site electrical facilities, monitoring and control (often
called SCADA) as well as civil plant (such as foundations and roads) supporting the operation and maintenance of
the WTGS(s).

3.1.3

constrained potential service delivery

calculated level of a service that could have been provided by the WEGS based on operating
specifications such as external set-points or contractually imposed constraints combined with
design criteria, technical specifications and site conditions

3.1.4
design specifications
the collection of precise and explicit information about requirements for a product design

Note 1 to entry: It provides in-depth details about the functional and non-functional design requirements including
assumptions, constraints, performance, dimensions, weights, reliability and standards. For example, specifications
and design considerations given in the IEC 61400-1 standard define the process for producing design
specifications for WEGS.

3.1.5

external conditions

conditions outside of the WEGS that affect the operation, such as (i) operating specifications,
(ii) environmental conditions and (iii) grid conditions

3.1.6
grid
electrical network to which the WEGS is electrically connected

Note 1 to entry: The WEGS delivers its services into the grid. The interface between the grid and the WEGS
internal electrical system is the network connection point often referred to as the point of common coupling (PCC).
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3.1.7

intended function

ability of an apparatus, machine or system to consistently perform its required function within
its design specification

3.1.8
lost service
service not supplied, e.g. lost production or lost energy

Note 1 to entry: See 4.5.5.

3.1.9

physical potential service delivery

calculated level of a service that could have been provided by the WEGS based on design
criteria, technical specifications and site conditions

Note 1 to entry: The potential service is the physically possible level of service.

3.1.10

potential service delivery

calculated value of physical potential service delivery or constrained potential service delivery
as is appropriate

3.1.11

retrofit

the incorporation of new technology or new design parts resulting from an approved
engineering change to an already supplied item

3.1.12

supervisory control and data acquisition

SCADA

system operating with signals over communication channels so as to provide control of
equipment and for gathering and analysing real-time data

3.1.13
service
provision delivered by the WEGS

Note 1 to entry: Services typically include, but are not limited to, supply of active power, reactive power and
support of electrical stability of the grid. Aviation warning is another example of a service.

3.1.14

site conditions

conditions affecting the service of the WEGS, e.g. topographic, climatic and meteorological
conditions, sector management, electrical environment and contractual constraints

3.1.15

grid operator

operator that transmits electrical generation over the grid to regional or local electricity
distribution operators

3.1.16

wind power station

WPS

station consisting of the WTGS(s) and the BOP which supports transfer of energy between the
WTGS(s) and the grid

3.1.17

maintenance provider

provider typically providing the maintenance of the WEGS or parts therein Documents
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Note 1 to entry:

3.1.18
operator

Maintenance can be performed by multiple providers with specific scope defined.

operator typically responsible for providing the services of the WEGS to off-takers

3.2 Abbreviated terms

A

IAO
IAOS
IAOSFP

IAOSPP

IAOSRS
IAOOS
IAOOSTS

IAOOSEN
IAOOSRS
IAOOSEL

IANO
IANOSM
IANOPCA

IANOFO
IANOS
IAFM
IASp
IAS
IAOSp
IAOS,
IAOSSp

IAOSS,

IAOSFPS,,
IAOSFPS,
IAOSPPS;
IAOSPPS,

IAOSPPRSp

INFORMATION AVAILABLE category
Information available OPERATIVE category
Information available operative IN SERVICE category

Information available operative in service with FULL PERFORMANCE
category

Information available operative in service with PARTIAL PERFORMANCE
category

Information available operative in service with READY STANDBY category
Information available operative OUT OF SERVICE category

Information available operative out of service TECHNICAL STANDBY
category

Information available operative out of service OUT OF ENVIRONMENTAL
SPECIFICATION category

Information available operative out of service REQUESTED SHUTDOWN
category

Information available operative out of service OUT OF ELECTRICAL
SPECIFICATION category

Information available NON-OPERATIVE category
Information available non-operative SCHEDULED MAINTENANCE category

Information available non-operative PLANNED CORRECTIVE ACTION
category

Information available non-operative FORCED OUTAGE category
Information available non-operative SUSPENDED category

Information available FORCE MAJEURE category

INFORMATION AVAILABLE category — potential service delivery
INFORMATION AVAILABLE category — actual service delivery
Information available OPERATIVE category — potential service delivery
Information available OPERATIVE category — actual service delivery

Information available operative IN SERVICE category — potential service
delivery

Information available operative IN SERVICE category — actual service
delivery

Information available operative in service with FULL PERFORMANCE
category — potential service delivery

Information available operative in service with FULL PERFORMANCE
category — actual service delivery

Information available operative in service with PARTIAL PERFORMANCE
category — potential service delivery

Information available operative in service with PARTIAL PERFORMANCE
category — actual service delivery

Information available operative in service with partial performance category,
optional derated — potential service delivery Documents
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IAOSPPpRSA Information available operative in service with partial performance category,
optional derated — actual service delivery

IAOSPPR5Sp Information available operative in service with partial performance category,
optional degraded — potential service delivery

IAOSPPpgSA Information available operative in service with partial performance category,
optional degraded — actual service delivery

IAOSRSSp Information available operative in service with READY STANDBY category —
potential service delivery

IAOSRSS, Information available operative in service with READY STANDBY category —
actual service delivery

IAOOSSp Information available operative OUT OF SERVICE category — potential
service delivery

IAOOSS, Information available operative OUT OF SERVICE category — actual service
delivery

IAOOSTSSp Information available operative out of service TECHNICAL STANDBY
category — potential service delivery

IAOOSTSS, Information available operative out of service TECHNICAL STANDBY
category — actual service delivery

IAOOSENSp Information available operative out of service OUT OF ENVIRONMENTAL
SPECIFICATION category — potential service delivery

IAOOSENS, Information available operative out of service OUT OF ENVIRONMENTAL
SPECIFICATION category — actual service delivery

IAOOSEN:Sp  Information available operative out of service out of environmental
specification optional category calm winds — potential service delivery

IAOOSEN:S, Information available operative out of service out of environmental
specification optional category calm winds — actual service delivery

IAOOSENGSp  Information available operative out of service out of environmental
specification optional category other environmental — potential service
delivery

IAOOSENGS, Information available operative out of service out of environmental
specification optional category other environmental - actual service
delivery

IAOOSELSp Information available operative out of service OUT OF ELECTRICAL
SPECIFICATION category — potential service delivery

IAOOSELS, Information available operative out of service OUT OF ELECTRICAL
SPECIFICATION category — actual service delivery

IAOOSRSSp Information available operative out of service REQUESTED SHUTDOWN
category — potential service delivery

IAOOSRSS, Information available operative out of service REQUESTED SHUTDOWN
category — actual service delivery

IANOSp Information available NON-OPERATIVE category - potential service
delivery

IANOS Information available NON-OPERATIVE category — actual service delivery

IANOSMSp Information available non-operative SCHEDULED MAINTENANCE category
— potential service delivery

IANOSMS 5 Information available non-operative SCHEDULED MAINTENANCE category
— actual service delivery

IANOPCAS, Information available non-operative PLANNED CORRECTIVE ACTION

category — potential service delivery
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IANOPCAS Information available non-operative PLANNED CORRECTIVE ACTION
category — actual service delivery

IANOPCARSp Information available non-operative planned corrective action optional
category retrofit — potential service delivery

IANOPCARS, Information available non-operative planned corrective action optional
category retrofit — actual service delivery

IANOPCA;Sp Information available non-operative planned corrective action optional
category upgrade — potential service delivery

IANOPCA;Sp Information available non-operative planned corrective action optional
category upgrade — actual service delivery

IANOPCA5Sp Information available non-operative planned corrective action optional
category other corrective action — potential service delivery

IANOPCA5S, Information available non-operative planned corrective action optional
category other corrective action — actual service delivery

IANOFOS, Information available non-operative FORCED OUTAGE category — potential
service delivery

IANOFOS, Information available non-operative FORCED OUTAGE category — actual
service delivery

IANOFORSp Information available non-operative forced outage optional category
response — potential service delivery

IANOFORS, Information available non-operative forced outage optional category
response — actual service delivery

IANOFORSp Information available non-operative forced outage optional category
diagnostic — potential service delivery

IANOFORS, Information available non-operative forced outage optional category
diagnostic — actual service delivery

IANOFO, Sp Information available non-operative forced outage optional category logistic
— potential service delivery

IANOFO, Sy Information available non-operative forced outage optional category logistic
— actual service delivery

IANOFOgSp Information available non-operative forced outage optional category failure
repair — potential service delivery

IANOFOES, Information available non-operative forced outage optional category failure
repair — actual service delivery

IANOSSp Information available non-operative SUSPENDED category — potential
service delivery

IANOSS, Information available non-operative SUSPENDED category — actual service
delivery

IANOSSSp Information available non-operative suspended optional category
suspended scheduled maintenance — potential service delivery

IANOSgS, Information available non-operative suspended optional category
suspended scheduled maintenance — actual service delivery

IANOSESp Information available non-operative suspended optional category
suspended planned corrective action — potential service delivery

IANOSpS, Information available non-operative suspended optional category
suspended planned corrective action — actual service delivery

IANOSESp Information available non-operative suspended optional category
suspended forced outage — potential service delivery

IANOSES Information available non-operative suspended optional category
suspended forced outage — actual service delivery Documents
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IAFMSp Information available FORCE MAJEURE category — potential service
delivery

IAFMS 5 Information available FORCE MAJEURE category — actual service delivery

U INFORMATION UNAVAILABLE category

4 Information model

4.1 Basic model

The information model comprises a number of information categories organised in layers. All
calendar time shall be accounted for by distribution of time fractions into the information
categories in the first layer of the model. The information category that characterises the
operational state shall hold the time fractions that can be allocated to that category. A shift to
another category shall be made when the operational state is no longer valid for that category.
Any fraction of time can only be assigned to one category. The information model provides a
hierarchical structure of four levels of defined information categories, which are mandatory
and required for data collection. Further subdivision of information categories beyond the four
mandatory levels is optional. Attributes of higher information categories are inherited by
underlying lower information categories as illustrated in Figure 2. Time designations shall be
allocated at the lowest mandatory level, level 4, or at a lower optional level with a greater
granularity (level 5 or lower). The higher hierarchical information levels shall contain the
aggregation of the related information categories on the lower levels. The individual
information categories are introduced in 4.2.

Each information category has an associated entry point and exit point. The entry point
describes the criteria that shall be fulfilled to allocate time into this specific information
category. The exit point describes the criteria to be fulfilled to end time allocation to the
specific information category, see Clause 5.

Priorities are assigned to the information categories. In case entry conditions are fulfilled
concurrently for two or more information categories, time shall be assigned into the
information category with the highest priority only. Information category priorities are
described in 4.3.

4.2 Information categories

Figure 2 gives an overview of the information categories. Abbreviations for the information
categories are indicated in brackets with bold letters. The abbreviations are defined in
Clause 3. The properties of the information categories are described in detail in Clause 5.

The optional information categories defined in level 5 are included to allow users to customize
reporting details to meet specific requirements. When applied, the optional fifth level shall be
used as specified in this document. Further levels may be developed and applied at the user’s
own initiative. This document imposes no limits on the number of optional information
categories or levels added by the user. Examples illustrating use of the optional information
categories shown in Figure 2 are described in Annex B.

Mandatory information categories defined in this document are written in capital letters;
optional information categories are written in bold letters.
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Information categories

INFORMATION AVAILABLE (5.1)
(1A)

Mandatory Mandatory Mandatory Mandatory Optional
level 1 level 2 level 3 level 4 level 5
— description see
Annex B
FULL PERFORMANCE
W (5.3.2) (IAOSFP)
S 5@
¥ 29 PARTIAL PERFORMANCE derated
n —= (5.3.3) (IAOSPP) degraded
< = READY STANDBY
S (5.3.4) (IAOSRS)
W TECHNICAL STANDBY
= 0 (5.4.2) (IAOOSTS)
=S |y .
x g OUT OF ENVIRONMENTAL calm winds
E 4 ™ SPECIFICATION other
O W o (5.4.3) (IAOOSEN) ;
%) ; o environmental
L <
o = REQUESTED SHUTDOWN
'5 (IAOOSRS) (5.4.4)
O

OUT OF ELECTRICAL
SPECIFICATION
(5.4.5) IAOOSEL)

NON-OPERATIVE (5.5)
(IANO)

SCHEDULED MAINTENANCE (5.5.2)

(IANOSM)
PLANNED CORRECTIVE ACTION (5.5.3) retrofit
(IANOPCA)
upgrade
other corrective
action
FORCED OUTAGE (5.5.4) response
(IANOFO) 3 )
diagnostic
logistic

failure repair

SUSPENDED (5.5.5)

(IANOS)

suspended
scheduled
maintenance

suspended
planned corrective
action

suspended forced
outage

FORCE MAJEURE (5.6)

(IAFM)

INFORMATION UNAVAILABLE (5.7)

(V)

Figure 2 — Information category overview

4.3 Information category priority

IEC

Time present in the information categories shall be exclusive and continuous. In case the
conditions, for allocating a time period to more than one information category, are fulfilled at
the same time, the information category priorities determine which category takes precedence
for the allocation of the time period being considered. Assignment of priorities to the
information categories provides a uniform and transparent method for designation of time.
Figure 3 illustrates the information category priorities.
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The order of priorities is mandatory for compliance with this document. The priorities are
ranked from one to thirteen with one as the lowest and thirteen as the highest 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.
Information categories
Mandatory Mandatory Mandatory Mandatory Mandatory
level 1 level 2 level 3 level 4 priority
g FULL PERFORMANCE 1
2 (IAOSFP)
o PARTIAL 2
S) PERFORMANCE
i (IAOSPP)
w
%) READY STANDBY 3
z (IAOSRS)
“>J TECHNICAL STANDBY 4
E = (IAOOSTS)
< O
W x w OUT OF 5
m o ) ENVIRONMENTAL
< o i —~ SPECIFICATION
=z w 8 (IAOOSEN)
> n o
< - L g REQUESTED 6
§ < Nl SHUTDOWN
= o) (IAOOSRS)
< @]
5 OUT OF ELECTRICAL 7
o SPECIFICATION
Z (IAOOSEL)
- w SCHEDULED MAINTENANCE 8
> (IANOSM)
'_
é ) PLANNED CORRECTIVE ACTION (IANOPCA) 9
E_J <Z( FORCED OUTAGE 10
o= (IANOFO)
z
g SUSPENDED 11
(IANOS)
FORCE MAJEURE 12
(IAFM)
INFORMATION UNAVAILABLE 13
(U)

IEC

Figure 3 — Information category priority

There might be conflicts within the optional categories as the derated category and the
degraded category might appear simultaneously. The situation is discussed in the informative
Annex B.

4.4 Services

The information categories shall be applied individually to all relevant services, provided by
the WEGS, to obtain availability indicators. Services may be, but are not limited to, supply of
active power, supply of reactive power and support of electrical stability of the grid.
Categories shall be assigned independently to each service and are in many cases not
identical within the same time period.

Documents

Document Sharing Hub

Full document details: IEC 61400-26-1-2019


http://www.avadocuments.com/doc/iec-61400-26-1-2019
http://www.avadocuments.com/doc/iec-61400-26-1-2019

IEC 61400-26-1:2019 © |IEC 2019 -21-

4.5 Service delivery layers
4.5.1 General
To allow for service delivery based availability in the information model, three layers are
defined:
o time layer;
e actual service delivery layer;
e potential service delivery layer.
The three layers are specified for the mandatory levels 1 to 4. Figure 4 illustrates the
complete information model with three layers and forms the basis for determination of lost
service (typically energy) in the following subclause.
Potential service delivery layer mu / (3] / / | FULLPERFORMANCE I
- IN SERVICE "“} PARTIAL PERFORMANCE I
|
Actual service delivery layer ms) / e / | FULL PERFORMANCE l’
\\‘ IN SERVICE [ I READY STANDBY I
T - ’ PARTIAL PERFORMANCE ’
Time layer ms) o SI / FULL PERFORMANCE f ’TECHNICAL STANDBY I
[ j I READY STANDBY ’
\‘e IN SERVICE "; PARTIAL PERFORMANCE f T OF ENVIRONMENTAL SPECS l
‘Q\ ‘\' I TECHNICAL STANDBY
| | READY STANDBY [ EQUESTED SHUTDOWN l
|'\ ,\ T OF ENVIRONMENTAL SPECS l
LLI OPERATIVE | 1" TECHNICAL STANDBY l’ lL)uToF ELECTRICAL SPECS I
G’ | I REQUESTED SHUTDOWN ’
OUT OF SERVICE | OUT OF ENVIRONMENTAL SPECS [ SCHEDULED MAINTENANCE
IL)UT OF ELECTRICAL SPECS 'l
/ REQUESTED SHUTDOWN | NNED CORRECTIVE ACTION
SCHEDULED MAINTENANCE r
/ OUT OF ELECTRICAL SPECS ’l | FORCED OUTAGE I
’ANNED CORRECTIVE ACTION I
SCHEDULED MAINTENANCE | SUSPENDED I
l’FORCED OUTAGE l’
’ l FORCE MAJEURE l

~

X

N

N

S

S /

LO}: / PLANNED CORRECTIVE ACTION

L?L SUSPENDED

< FORCED OUTAGE I_—EBLE
| ForoeMaELRE [

NON-
OPERATIVE /
/ SUSPENDED ’
’ABLE I
/ FORCE MAJEURE
|
INFORMATION UNAVAILABLE I
IEC

Figure 4 — Three-layer information model

4.5.2 Time layer
The time layer is identical to the Basic model described in 4.1, 4.2 and 4.3.

4.5.3 Actual service delivery layer
In layer 2, a value for the actual service rather than time is recorded. The value recorded is
the actual service delivered during the same period as in the corresponding category in

layer 1.
Potential service delivery layer
Layer 3 contains information on the potential amount of service delivery during the same

4.5.4

periods as in the corresponding category in layers 1 and 2.
Methods for determination of the potential service is discussed in Annex E. However, the
ugaent. Data
Jocuments
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WEGS had been operating as per the FULL PERFORMANCE, taking into account the external
conditions.

The potential service delivery shall be either the physical potential service delivery or
constrained potential service delivery depending on what is relevant for the service. Typically,
for active production, it may be appropriate to select the physical potential production and for
reactive production, the constrained potential production. See Annex E for methods to
determine potential production.

4.5.5 Lost service

When values for actual service delivery and potential service delivery are determined, lost
service values shall be derived as follows, see Figure 5.

o No lost service shall be associated with the respective information category, when the
service is operating in FULL PERFORMANCE.

e Lost service shall be determined by the difference between the potential service value and
the actual service value during the time the service is operating in PARTIAL
PERFORMANCE.

e Lost service shall equal the potential service during the time when the service is in
INFORMATION AVAILABLE and not in IN SERVICE (see footnote in Figure 5).

It is recognized that while operating in FULL PERFORMANCE, actual service might not equal
full potential service due to various factors that might affect the performance of the WEGS,
such as blade fouling or misalignment, or the calculation of potential service. The
characterization of the WEGS services is beyond the scope of this document. Examples of
turbine performance while in the FULL PERFORMANCE information category are included in
Annex D.

It is not possible or meaningful to measure a level or degree of some services, especially
when the service is of a binary nature. Only time based indicators are applicable to those
services. Aviation lights are an example, which can be either 'in operation' or 'out of operation’
but do not have an actual or potential service attached.

4.6 Modelling multiple services
The information model supports tracking of multiple services. In order to do so, the three-layer

information model is applied to each of the services. Figure 6 illustrates an example with four
services.
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Figure 5 — Information categories, definitions for layer 2 and layer 3,
mandatory categories
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Figure 6 — Examples of an information model representing active energy,

reactive energy, high and low frequency response services
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criteria defined in Clause 5. Methods for determining the information categories are discussed
in Annex C.

Basic principles and assumptions for the WPS information model are:

e mandatory categories are identical in the WTGS model and the WPS model;

e optional categories are not necessarily identical in the WTGS model and the WPS model;

e measurements of WPS actual service delivery values are made as they will appear at the
PCC.

While evaluating the priority, the issue is not to confuse the priorities of the individual WTGS
with the priority of the WPS, e.g. a WTGS can be in FORCED OUTAGE information category
and the WPS can at the same time be in PARTIAL PERFORMANCE. The specification
permits the user, with caution, to prioritize data based on alternate views of the model, WPS
or WTGS. When the model view is applied consistently there is no inconsistency in the
expression of availability.

4.8 Application of the information model to components of the WEGS

An information model for a component level and BOP may also be developed based on the
principles for the WEGS model. An example of how to apply the principles for BOP is
discussed and illustrated in Annex F. The model illustrated in Annex F is optional.

5 Information categories

5.1 INFORMATION AVAILABLE

Definition — The category INFORMATION AVAILABLE is applied to all time periods, during
which operational information and information on external conditions is retrieved, logged and
stored manually or automatically to the extent that the characteristics of information
categories can be discriminated. INFORMATION AVAILABLE is the top level for all mandatory
information sub-categories as depicted at level 1 in Figure 2. Qualification for INFORMATION
AVAILABLE requires sufficient information to determine that criteria for one of the mandatory
level 4 categories with priority levels 1 to 12 are fulfilled.

It is recognised that there might be circumstances when information is not or only partially
available. In case of insufficient information, the category INFORMATION UNAVAILABLE is
likely to apply, see 5.7.

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

e controller data from individual WTGSs;

e SCADA;

e BOP operation;

e metering information;

e manual entries.

For example, the information category can be determined as INFORMATION AVAILABLE if

data transmission from every single WTGS of a WPS is interrupted, if data from a
measurement system still gives adequate information to determine the category of the WPS.

Entry point — The operating status data are available to the extent that a category at level 4
can be determined, logged and stored.

Exit point — It is not possible to determine, log or store the level 4 category. Documents
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5.2 OPERATIVE

Definition — The WEGS is in the category OPERATIVE when capable of performing the
intended functions, regardless of whether it is actually active and regardless of the capacity
level that can be provided.

The OPERATIVE category is underlying the INFORMATION AVAILABLE category and has
two underlying information categories as listed below and depicted in Figure 2.

e |IN SERVICE - as defined in 5.3;
e OUT OF SERVICE - as defined in 5.4.

The OPERATIVE category is mandatory.

Entry point — The WEGS is able to perform the intended functions, regardless of whether it is
actually active and regardless of the capacity level that can be provided.

Exit point — The WEGS is not able to maintain the intended functions.

5.3 IN SERVICE
5.3.1 General

Definition — The WEGS is performing the service.

The IN SERVICE category is an underlying category of the OPERATIVE category and has
three underlying mandatory information categories as listed below and depicted in Figure 2.

e FULL PERFORMANCE - as defined in 5.3.2;
e PARTIAL PERFORMANCE - as defined in 5.3.3;
e READY STANDBY - as defined in 5.3.4.

The IN SERVICE information category is mandatory.
Entry point — The WEGS starts performing the intended functions.
Exit point — The WEGS stops performing the intended functions.

5.3.2 FULL PERFORMANCE

Definition — The WEGS is operative and functioning per design specifications with no
technical restrictions or limitations beyond the ones specified in the design specifications.

No lost service shall be associated with the respective information category, when the WEGS
is operating in FULL PERFORMANCE.

FULL PERFORMANCE is characterised by, but is not necessarily including all or limited to the
following examples:

e all WTGSs performing according to design specifications;
e all WTGSs delivering active power according to design power curves;
o all BOP equipment performing its designed function at rated capacity;

e all WTGS delivering full rotor inertial energy for low frequency compensation.

The FULL PERFORMANCE category is an underlying category of IN SERVICE and has no
predefined underlying mandatory information categories as depicted in Figure 2. Documents
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The FULL PERFORMANCE category is mandatory.

Entry point — The WEGS is performing the intended function with the full capacity at the given
conditions.

Exit point — The WEGS is not delivering the intended function with the full capacity at the
given conditions.

5.3.3 PARTIAL PERFORMANCE

Definition — The WEGS is operating at reduced performance due to internal or external
conditions.

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

o for a WPS, a technical fault or safety related events shutting down individual WTGSs;
e shortage in capacity of BOP components;

e grid management (partial curtailment);

e reduced load capability (individual WTGSs);

o financial considerations;

e asset management;

o WTGS(s) constrained but still operating within design specification.

The PARTIAL PERFORMANCE category is an underlying category of IN SERVICE and has no
predefined underlying mandatory information categories as depicted in Figure 2.

The PARTIAL PERFORMANCE category is mandatory.
Entry point — The WEGS is not providing the intended function with the full specified capacity.
Exit point — The conditions for being in PARTIAL PERFORMANCE no longer exist.

5.3.4 READY STANDBY

Definition — The WEGS is in the category READY STANDBY when ready to respond to a
predefined event. READY STANDBY is not applicable to the active energy service.

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

e alow frequency compensation service activated and awaiting a frequency drop;
e aviation warning light service awaiting an indication of approaching aircrafts;
e radar for bird migration awaiting a reading;

o VAr compensation system having elements disconnected but ready to engage.

The READY STANDBY category is an underlying category of IN SERVICE and has no
predefined underlying mandatory information categories as depicted in Figure 2.

The READY STANDBY category is mandatory.
Entry point — The WEGS is ready and able to respond to a pre-defined event.

Exit point — The WEGS is no longer able to respond to a pre-defined event or is now
responding.
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5.4 OUT OF SERVICE
5.4.1 General

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

The OUT OF SERVICE category is an underlying category of OPERATIVE and has four
predefined underlying mandatory information categories as listed below and depicted in
Figure 2.

e TECHNICAL STANDBY - as defined in 5.4.2;

e OUT OF ENVIRONMENTAL SPECIFICATION — as defined in 5.4.3;
e REQUESTED SHUTDOWN - as defined in 5.4.4;

e OUT OF ELECTRICAL SPECIFICATION — as defined in 5.4.5.

The OUT OF SERVICE category is mandatory.

Entry point — The WEGS 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.

5.4.2 TECHNICAL STANDBY

Definition — The category TECHNICAL STANDBY is defined as periods when the WEGS is
temporarily not functioning due to performance of autonomous tasks required for maintaining
the intended functions.

TECHNICAL STANDBY is characterised by, but is not necessarily including all or limited to
the following examples:

e component and system self-testing;

e transferring service of components, lines or interconnections;

e heating up, drying out or cooling down after a period of “out of environmental
specification”;

o verification of recovery from de-icing after a period of “out of environmental specification”
due to ice build-up.

The TECHNICAL STANDBY category is an underlying category of the OUT OF SERVICE and
has no predefined underlying mandatory information categories as depicted in Figure 2.

The TECHNICAL STANDBY category is mandatory.

Entry point — The WEGS determines or receives information that technical standby tasks have
to be executed.

Exit point — The condition for being in TECHNICAL STANDBY no longer exists.
5.4.3 OUT OF ENVIRONMENTAL SPECIFICATION
Definition — The category OUT OF ENVIRONMENTAL SPECIFICATION is active when the

WEGS is operative but not functioning as the environmental conditions are beyond the design
specifications.

OUT OF ENVIRONMENTAL SPECIFICATION may include, but is not limited to, the following
examples: Documents
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e ambient temperature above or below specifications;

e wind speed below specified cut in or above specified cut out;

e ice build-up.

The OUT OF ENVIRONMENTAL SPECIFICATION category is an underlying category of OUT

OF SERVICE and has no predefined underlying mandatory information categories as depicted
in Figure 2.

The OUT OF ENVIRONMENTAL SPECIFICATION category is mandatory.

Entry point — One or more of the environmental conditions are out of design specification,
prohibiting the WEGS from functioning.

Exit point — All natural environmental conditions change to be within the design specification.

5.4.4 REQUESTED SHUTDOWN

Definition — The category REQUESTED SHUTDOWN is active when the WEGS is operative
but not functioning as it has been stopped by a request.

REQUESTED SHUTDOWN may include internal and external requests, but are not limited to,
the following examples:

o safety related events;

e security breach related events;

e grid management (full curtailment);

e inspections;

e training;

e visits, demonstrations;

e nuisance — noise.

The REQUESTED SHUTDOWN category is an underlying category of the OUT OF SERVICE
and has no predefined underlying mandatory information categories as depicted in Figure 2.

The REQUESTED SHUTDOWN category is mandatory.
Entry point — The WEGS is ordered to shut down by a request.
Exit point — All active requests to shut down are cleared.

5.4.5 OUT OF ELECTRICAL SPECIFICATION

Definition — The category OUT OF ELECTRICAL SPECIFICATION is active when the WEGS
is operative but not functioning as the electrical parameters of the WEGS are out of design
specifications. This might be caused by grid parameters exceeding operational specifications.

OUT OF ELECTRICAL SPECIFICATION may include, but is not limited to, the following
examples:

e over voltage;
e low frequency;
e phase imbalance;

e voltage drop.
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The OUT OF ELECTRICAL SPECIFICATION category is an underlying category of the OUT
OF SERVICE and has no predefined underlying mandatory information category as depicted
in Figure 2.

The OUT OF ELECTRICAL SPECIFICATION category is mandatory.

Entry point — One or more of the electrical parameters of the WEGS go out of the operational
and/or design specifications, prohibiting the WEGS from functioning.

Exit point — All electrical parameters of the WEGS change to be within the operational and/or
design specifications.

5.5 NON-OPERATIVE
5.5.1 General

Definition — The NON-OPERATIVE category is applied to all situations when a WEGS is not
capable of performing the intended function.

The NON-OPERATIVE category is an underlying category of the INFORMATION AVAILABLE
and has four underlying mandatory information categories as listed below and depicted in
Figure 2.

e SCHEDULED MAINTENANCE - as defined in 5.5.2;

¢ PLANNED CORRECTIVE ACTION - as defined in 5.5.3;
¢ FORCED OUTAGE - as defined in 5.5.4;

e SUSPENDED - as defined in 5.5.5.

The NON-OPERATIVE category is mandatory.

Entry point — The WEGS 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.

5.5.2 SCHEDULED MAINTENANCE
Definition — The category SCHEDULED MAINTENANCE is entered during scheduled

maintenance of elements of the WEGS preventing the entire WEGS from performing the
intended functions.

The SCHEDULED MAINTENANCE category is an underlying category of the NON-
OPERATIVE and has no predefined underlying mandatory information categories as depicted
in Figure 2.

The SCHEDULED MAINTENANCE category is mandatory.

Entry point — The WEGS is stopped or prohibited with the intention of performing scheduled
maintenance.

Exit point — The WEGS exits this category by manual intervention confirming that the
scheduled maintenance has been interrupted or completed.

5.5.3 PLANNED CORRECTIVE ACTION

Definition — The category PLANNED CORRECTIVE ACTION is entered duriﬁ actions
required to retain, restore, or improve the intended functions of the WEGS when th Qﬁments
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are not part of normal scheduled maintenance. For the WPS, PLANNED CORRECTIVE
ACTION is active when such work is on-going simultaneously on all WTGSs or on elements of
the WPS (e.g. BOP) preventing the entire WPS from performing the intended functions.

PLANNED CORRECTIVE ACTION may include retrofits and upgrades, or required corrective
actions identified through condition-based maintenance, inspections, investigations, etc. and
is intended to account for corrective actions where the need is identified prior to any actual
failure and early enough to be planned and completed before resulting in a possible forced
outage.

The PLANNED CORRECTIVE ACTION category is an underlying category of the NON-
OPERATIVE category and has no predefined underlying mandatory information categories as
depicted in Figure 2.

The PLANNED CORRECTIVE ACTION category is mandatory.

Entry point — The function of the WEGS is stopped or prohibited with the intention of
performing planned corrective actions.

Exit point — The WEGS exits this category by manual intervention confirming the planned
corrective actions are interrupted or completed.

5.5.4 FORCED OUTAGE

Definition — The category FORCED OUTAGE is obtained when damage, fault, failure or alarm
has disabled the WEGS. This can be detected manually or automatically. For a WPS,
FORCED OUTAGE is active when such events occur simultaneously on all WTGSs or on
elements of the WPS (e.g. BOP) preventing the entire WPS from performing the service.

The FORCED OUTAGE category is an underlying category of the NON-OPERATIVE and has
no underlying mandatory information categories as depicted in Figure 2.

The FORCED OUTAGE category is mandatory.
Entry point — The WEGS is disabled because of damage, faults, or failures or an alarm.
Exit point — The WEGS exits this category when causes for the outage are cleared.

5.5.5 SUSPENDED

Definition — The category SUSPENDED is applied to all situations when activities in
SCHEDULED MAINTENANCE, PLANNED CORRECTIVE ACTION and FORCED OUTAGE
have to be interrupted or cannot be initiated due to conditions which compromise personal
safety or equipment integrity.

The SUSPENDED category includes, but is not limited to:

e access limitations because of e.g. high waves, ice, snow, storm;

e severe weather conditions like lightning, tornados, hail;

e mitigation of risks such as a brush fire;

e suspension of work due to personnel safety and permit requirements;

e site working conditions are not met.

The SUSPENDED category is an underlying category of the NON-OPERATIVE and has no
underlying mandatory information category as depicted in Figure 2.
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The SUSPENDED category is mandatory.

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

Exit point — The category is terminated by manual intervention when the conditions
suspending the work have been cleared.

5.6 FORCE MAJEURE

Definition — The category FORCE MAJEURE is applied to 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 non-performance is caused by the usual and natural consequences of external forces
or where the intervening circumstances are specifically contemplated.

The FORCE MAJEURE information category is underlying the INFORMATION AVAILABLE
information category on level 2 and has no underlying mandatory information categories as
depicted in Figure 2.

The FORCE MAJEURE category is mandatory.

Entry point — This category is entered by manual intervention when a force majeure situation
is detected according to contract.

Exit point — The category is terminated by manual intervention when a force majeure situation
has been cleared according to contract.

5.7 INFORMATION UNAVAILABLE

Definition — The category INFORMATION UNAVAILABLE is applied to all time periods when
the category INFORMATION AVAILABLE is not applicable.

The INFORMATION UNAVAILABLE information category is on level 1 and as such has no
overlying information category. This information category exists across all mandatory
levels 1 to 4. It does not have any underlying mandatory information categories as depicted in
Figure 2.

The INFORMATION UNAVAILABLE category is mandatory.
Entry point — It is not possible to determine, log or store the level 4 category.

Exit point — The data on operating status is available to the extent that a category at level 4
can be determined, logged and stored.
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Annex A
(informative)

Entry and exit conditions overview for WEGS

Information categories
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Figure A.1 — Overview of the entry and exit conditions of all mandatory information
categories described in this document
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Annex B
(informative)

Optional information categories for WEGS information model -
illustrative explanation and examples

B.1 General

This annex describes examples of optional information categories proposed to be applied
when more detailed information is required to address specific information needs. An
overview of some possible information categories is depicted in Figure B.1.

If further detail is required more optional information categories can be added as underlying
categories to the mandatory level 4 and/or to the proposed level 5 categories. All optional
information categories shall be located on level 5 or higher to be compliant with this document.
Priority of optional categories shall be assigned as depicted in the example in Clause B.2.

B.2 PARTIAL PERFORMANCE - optional categories

B.2.1 Introduction of optional categories

The optional information categories are introduced to further detail the mandatory information
category PARTIAL PERFORMANCE as listed below and depicted in Figure B.1.

e derated — as defined in B.2.2;
e degraded — as defined in B.2.3.

B.2.2 Derated

The information category derated can be used to accumulate time periods when a WEGS is
operative and generating at reduced power because of external commands or external
constraints.

External constraints would typically include, but are not limited to, partial power curtailment,
grid stability support modes, ancillary services, environmental conditions (temperature, dust,
turbulence, etc.) or other external factors (noise, shadow, flicker, wake, turbulence, etc.).

The derated category is an underlying category of PARTIAL PERFORMANCE and has no
predefined underlying optional information categories.

Entry point — An external event or manual intervention prohibits the intended function of the
WEGS from operating at full specified capability.

Exit point — All external constraints which prohibit a WEGS from operating at full specified
capability no longer exist.
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Information categories

Mandatory Mandatory Mandatory Mandatory Mandatory Optional level 5
level 1 level 2 level 3 level 4 priority level 5 priority
IN FULL PERFORMANCE 1
SERVICE (IAOSFP)
(IAOS)
PARTIAL PERFORMANCE 2 derated 2.1
(IAOSPP)
degraded 2.2
READY STANDBY 3
(IAOSRS)
OUT OF TECHNICAL STANDBY 4
SERVICE (IAOOSTS)
OPERATIVE (IAOOS)
(1AO) OUT OF 5 calm winds 5.1
ENVIRONMENTAL
SPECIFICATION _other 5.2
(IAOOSEN) environmental
REQUESTED SHUTDOWN 6
(IAOOSRS)
OUT OF ELECTRICAL 7
ot SPECIFICATION
2 (IAOOSEL)
=
<
<>( NON- SCHEDULED MAINTENANCE 8
> = OPERATIVE (IANOSM)
82 (IANO)
= = PLANNED CORRECTIVE ACTION 9 retrofit 9.1
< (IANOPCA)
E upgrade 9.2
8 other 9.3
z corrective
action
FORCED OUTAGE 10 response 10.1
(IANOFO) - -
diagnostic 10.2
logistic 10.3
failure repair 10.4
SUSPENDED 1 suspended 1.1
(IANOS) scheduled
maintenance
suspended 11.2
planned
corrective
action
suspended 1.3
forced outage
FORCE MAJEURE 12
(IAFM)
INFORMATION UNAVAILABLE 13

(V)

IEC

Figure B.1 — Information category overview — mandatory and optional

B.2.3 Degraded

The information category degraded can be used to accumulate time periods when a WEGS is
operative and generating power with a reduced performance because of internal constraints.
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Internal constraints could result from component damage or the need to prevent component
damage, e.g. component overheating, vibration levels, bearing issues, converter cooling
system reductions, etc.

The degraded information category is an underlying category of PARTIAL PERFORMANCE.

Entry point — An internal event or manual intervention prohibits a WEGS from operating the
intended functions at full specified capability.

Exit point — All internal constraints which prohibit a WEGS from operating at a specified
capability no longer exist.

B.3 OUT OF ENVIRONMENTAL SPECIFICATION - optional categories

B.3.1 Introduction of optional categories

The optional information categories are introduced to further detail the mandatory information
category OUT OF ENVIRONMENTAL SPECIFICATION as listed below and depicted
in Figure B.1.

e calm winds — as defined in B.3.2;

e other environmental — as defined in B.3.3.
B.3.2 Calm winds

The information category calm winds can be used to accumulate time periods when a WEGS
is operative but not generating because the wind speed is under the design specification for
the minimum wind speed of the turbine.

The calm winds category is an underlying category of OUT OF ENVIRONMENTAL
SPECIFICATION and has no predefined underlying information categories.

Entry point — The wind speed in the natural environment changes to be below the WEGS
design specification for minimum wind speed, prohibiting the WEGS from generating.

Exit point — The wind speed in the natural environment rises above the WEGS design
specification for minimum wind speed.

B.3.3 Other environmental

The information category other environmental is obtained when the WEGS is operative but
not generating as one or more conditions of the natural environment are outside the design
specifications, other than wind speed being below the design specification for minimum wind
speed.

The other environmental optional information category is an underlying category of OUT OF
ENVIRONMENTAL SPECIFICATION and has no predefined underlying information categories.

Entry point — One or more conditions in the natural environment changes to be outside the
WEGS design specification, other than the wind speed falling below the design specification
for minimum wind speed, prohibiting the WEGS from generating.

Exit point — All conditions in the natural environment are within the design specification of the
WEGS, other than the wind speed in the natural environment being above the WEGS design
specification for minimum wind speed.
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B.4 PLANNED CORRECTIVE ACTION - optional categories

B.4.1 Introduction of optional categories

The optional information categories are introduced to further detail the mandatory information
category NON-OPERATIVE as listed below and depicted in Figure B.1. The main purpose of
these optional information categories is to provide generic terms for assigning responsibility in
case planned corrective actions are performed.

Optional information categories applicable for PLANNED CORRECTIVE ACTION are:

e retrofit — as defined in B.4.2;
e upgrade — as defined in B.4.3;

e other corrective action — as defined in B.4.4.
B.4.2 Retrofit

The information category retrofit will identify the planned corrective actions to incorporate
any modification recommended by the manufacturer to achieve the WEGS specification.

Entry point — The retrofit activity begins. The operator has already prepared support needed
such as parts, repair team, equipment, etc. A retrofit category can only be entered by manual
intervention.

Exit point — This information category is terminated by manual intervention when the retrofit
activity is completed.

B.4.3 Upgrade

The information category upgrade will identify the planned corrective actions to incorporate
any modification recommended by the manufacturer to improve the WEGS performances
beyond the specification. These upgrades are user’s choice to implement.

Entry point — The upgrade activity begins. The operator has already prepared support needed
such as parts, repair team, equipment, etc. The upgrade category can only be entered by
manual intervention.

Exit point — This information category is terminated by manual intervention when the upgrade
activity is completed.

B.4.4 Other planned corrective action

The information category other planned corrective action will identify planned corrective
actions that are not retrofits or upgrades. An example would be to replace a generator bearing
that was found damaged in an earlier inspection but could continue operating while parts and
logistics were prepared for the repair.

Entry point — The other planned corrective action activity begins. The operator has already
prepared support needed such as parts, repair team, equipment, etc. This information
category can only be entered by manual intervention.

Exit point — This information category is terminated by manual intervention when the other
planned corrective action activity is completed.
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B.5 FORCED OUTAGE - optional category

B.5.1 Introduction of optional categories

The following optional information categories can be applied to increase the detail of the
mandatory information category FORCED OUTAGE. The main purpose for these optional
information categories is to provide generic terms for assigning responsibility for various
stages of an outage workflow.

When an outage category is encountered a breakdown of the outage workflow can be
interesting for monitoring the performance of the various parties involved.

The time terms to be observed can be as specified in B.5.2 to B.5.5. The overall workflow can
be separated into optional information categories as depicted in Figure B.2.

As seen from the schematic workflow, the time period from when a fault in a WEGS s
detected to when the failure is repaired and all alarms/events are cleared can be divided into
four underlying optional information categories as listed below.

e response (R) — as defined in B.5.2;

e diagnostic (D) — as defined in B.5.3;

e logistic (L) — as defined in B.5.4;

e repair (F) — as defined in B.5.5.
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Figure B.2 — Workflow breakdown structure

B.5.2 Response

The information category response can be used to accumulate time periods from notification
of any event until an action on the event has been initiated.

In the workflow breakdown this category could cover, but is not limited to:

o failure acknowledge;
e service partner response time for a repair request;
e service team setup;

e waiting time for acceptance to initiate a corrective action.

Entry point — An internal fault or external command is received and the WEG enerator
system does not automatically return to the operative category. ocuments
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Exit point — The operator detects and logs fault or status. A WEGS generator system can only
exit this category by manual intervention.

B.5.3 Diagnostic

The information category diagnostic can be used to accumulate time periods spend to
analyse a fault symptom, related measurements and findings indicating a failure and planning
corrective action. In the workflow breakdown it covers, but is not limited to:

e initial analysis;

o remote detailed analysis;

e additional analysis;

e additional clarifications required;

e planning corrective actions;

e approval of corrective actions.

Entry point — The operator detects and logs fault or status. The WEGS can only enter this
mode by manual intervention.

Exit point — The operator has completed analysis and determined required action. A WEGS
generator system can only exit this category by manual intervention.

B.5.4 Logistic

The information category logistic can be used to accumulate time periods used for logistic
activities such as, but is not limited to:

e transportation of tools;

e crane lead time;

e service team set-up;

e ordering support tools;

e ordering spare parts;

e waiting time for resource allocation;

e lead time for tools required;

e lead time for spare parts required.

Entry point — The operator has completed analysis and determined required action and has
initiated actions such as: orders parts, calls out repair team, etc. A WEGS can only enter this
category by manual intervention.

Exit point — All the required actors and equipment are in place for the activities called for by
the current diagnostics. A WEGS can only exit this category by manual intervention.

B.5.5 Repair

The information category repair can be used to accumulate time periods used for
implementation of repair activities such as, but not limited to:

e change of a defective sensor;

e change of control software version;

o verification of replaced damage parts;

e inspection or audit related to repairing activity;

e run-in test after finalizing repair activity. Documents
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Entry point — The repair activity begins either local or remote. A Repair time information
category can only be entered by manual intervention.

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

B.6 SUSPENDED - optional categories

B.6.1 Introduction of optional categories

The following optional information categories can be applied to increase details in the
mandatory information category SUSPENDED. The main purpose for the optional information
categories focusing on the suspended situation is to provide generic terms for exchange of
information on availability for suspended periods.

Optional information categories applicable for SUSPENDED are:

e scheduled maintenance — as defined in B.6.2;
e planned corrective action — as defined in B.6.3;

e forced outage — as defined in B.6.4.
B.6.2 Suspended scheduled maintenance

The information category suspended scheduled maintenance covers all situations where a
suspension is initiated during a scheduled maintenance activity.

Entry point — This information category is entered by manual intervention when a scheduled
maintenance task is suspended according to predefined conditions.

Exit point — This information category is terminated by manual intervention when the
conditions suspending the work have been cleared.

B.6.3 Suspended planned corrective action

The information category suspended planned corrective action covers all situations where
a suspension is initiated during a planned corrective activation period.

Entry point — This information category is entered by manual intervention when a planned
corrective action is suspended according to predefined conditions.

Exit point — This information category is terminated by manual intervention when the
conditions for suspending the work have been cleared.

B.6.4 Suspended forced outage

The information category suspended forced outage covers all situations were a suspension
is initiated during a forced outage.

Entry point — This information category is entered by manual intervention when a forced
outage corrective action is suspended according to predefined conditions.

Exit point — This information category is terminated by manual intervention when the
conditions for suspending the work have been cleared.
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B.7 Considerations of competing assignment of lost service

Situations might arise where data gathered do not adequately reflect the assignment of
downtime and lost production, because of enforcing mutual exclusivity of the categories in the
information model.

This will occur when the entry conditions for two or more optional categories are fulfilled at
the same time, thus invariably resulting in the selection of one category over another
according to the principles of priority. When it comes to assigning the consequent losses,
this would potentially result in undetermined/inaccurate weighting of the losses assigned to
various categories as demonstrated in the example below. See Figure B.3.
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Figure B.3 — Example of simultaneous degrading and derating
Scenario:

The WEGS is degraded to 60 % of its nominal power due to deterioration. At the same time,
the grid operator requests to derate the WEGS to 80 % of its nominal production and later to a
value lower than the degraded value. The wind is at all times sufficient to achieve both
potential service delivery values (derated and degraded). Clarification might be needed
concerning which potential service delivery shall have priority: 80 % as derated and 60 % as
degraded, with potential service delivery in accordance with the actual wind conditions. This
limitation is inherent in the information model. Therefore, it is prudent to consider which
conflicts might arise in advance, and how these should be resolved.
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Annex C
(informative)

Examples of availability indicators

C.1 General

cC.1.1 Introduction to the scope of this annex

Annex C is divided into three clauses. Clause C.2 deals with time-based availability,
Clause C.3 describes production-based availability and Clause C.4 introduces additional
availability indicators, users might apply. Examples are given for calculating time-based and
production-based availability. The examples are only for illustrative purposes and appropriate
application of the model can be extended to optional information categories as well as various
levels of the WPS. The equations used and the assignment of categories to ‘available’ and
‘unavailable’ is entirely up to the user(s) to decide on.

C.1.2 Time-based availability

The clause on time-based availability illustrates examples of how to calculate availability of a
WEGS. Each example is based on an assignment of the information categories into:

a) information categories considered as available time (green colouring);
b) information categories considered as unavailable time (red colouring);
c) information categories not to be considered in the availability calculation (grey colouring).

Users may find other arrangements of the categories more suited for their needs.
When calculating time-based availability, the following equation is widely accepted:

Unavailable time (C.1)

Availabilityy,e = 1 —
Available time + Unavailable time

Cc.1.3 Production-based availability

The clause on production-based availability illustrates examples of how to calculate
production-based availability of a WEGS. For the time period to which production-based
availability is to be calculated, the operation of the turbine shall first be categorized according
to the information categories.

The examples of production-based availability calculations are defined in terms of:

a) actual service delivery (green colouring);
b) lost service (red colouring);
c) information categories not to be considered in the availability calculation (grey colouring).

When calculating the production-based availability in the examples, the following equation is
applied:

Lost service
Availability,oq =1 - (C.2)
Actual service delivery + lost service
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where ‘lost service’ is the sum of the individual losses in each category considered
unavailable, see 4.5.5.

c14 Mapping of availability and unavailability

When calculating availability, each information category shall first be assigned to being either
‘available’ or ‘unavailable’ or excluded. This assignment shall be decided and fixed by the
parties involved. In this subclause, two scenarios for category assignments are presented,

see Table C.1.
Table C.1 — Example of mapping of available and unavailable
information categories
Mandatory — Information categories Availability
=1 -
unavailability/
(availability +
unavailability)
MEANING OF N w
COLOURS: ATRE o lz |8 2|3 ]|8° o S =
o 7)) > w ; o [7,) - (o] 0N [T < ~ o
<2 0|8 |2 |0 (@ o|Q z| 8| <2 > g
GREEN = =g <|2 |» R z | < <| z| =|< = 2
included in o € | 2% 32 28 903 Llug 5| 2 y 2 a =
period as =z |9 > Hlpw T gw =0 = z = ©
A w o m|» n nl on 0w WlkFg (U] a )} — =
available L |len ala S [ Oo|lo < o w|=25 o S
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< |- |3 |w |E < x| ®| O o o
| < w [e) =) < o [ o
GREY = 3| | 15 | 2|2 |2 Ll S =
excluded w =
Operational X
availability
Technical X
availability

‘Operational availability’ is here understood as the fraction of a given period of time in which a
WEGS is actually producing. Lost operating hours due to any reason are included as
unavailability. ‘Operational availability’ may be seen as the users or ‘operator’s view’.

‘Technical availability’ is here understood as the fraction of a given period of time in which a
WEGS is operating according to its design specifications. ‘Technical availability’ may be
considered as ‘the maintenance provider’s view’.

C.2 Time-based availability

C.21 General

The time-based approach is based on counting the number of hours assigned to available and
unavailable information categories.

C.2.2 Time-based availability — "operational availability"

This subclause illustrates application of the Formula (C.1) for a time-based operational
availability calculation. Examples are made for mandatory categories and for situations also
considering the optional categories defined for level 5.

a) Basic operational availability algorithm based on mandatory categories only
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e FULL PERFORMANCE, IAOSFP
e PARTIAL PERFORMANCE, IAOSPP
¢ READY STANDBY, IAOSRS

Time considered unavailable is

e TECHNICAL STANDBY, IAOOSTS

e OUT OF ENVIRONMENTAL SPECIFICATION, IAOOSEN
¢ REQUESTED SHUTDOWN, IAOOSRS

e OUT OF ELECTRICAL SPECIFICATION, IAOOSEL

e SCHEDULED MAINTENANCE, IANOSM

e PLANNED CORRECTIVE ACTION, IANOPCA

e FORCED OUTAGE, IANOFO

e SUSPENDED, IANOS

¢ FORCE MAJEURE, IAFM

The assignment of ‘availability’ and ‘unavailability’ is illustrated in Table C.1. Applying the
above definitions to Formula (C.1) gives

IAOOSTS+ IAOOSEN+ IAOOSRS + IAOOSEL +
IANOSM + IANOPCA + IANOFO + |IANOS + IAFM

Operational -1 _
availabilityyjne (IAOSFP + IAOSPP + IAOSRS) + (IAOOSTS+

IAOOSEN+ IAOOSRS + IAOOSEL + IANOSM +
IANOPCA + |ANOFO + IANOS + |IAFM)

(C.3)

Time not considered is

Since no information about the WEGS is known in the INFORMATION UNAVAILABLE
category, these periods are not included as available or unavailable, and are excluded
entirely from the calculation.

b) Basic operational availability algorithm — including optional categories

In this example, time considered as available is

e FULL PERFORMANCE, IAOSFP

e PARTIAL PERFORMANCE, 1AOSPP

e READY STANDBY, IAOSRS

e OUT OF ENVIRONMENTAL SPECIFICATION — calm winds, IAOOSEN

Time considered unavailable is

e TECHNICAL STANDBY, IAOOSTS

e OUT OF ENVIRONMENTAL SPECIFICATION - other environmental, IAOOSEN

e REQUESTED SHUTDOWN, IAOOSRS

e OUT OF ELECTRICAL SPECIFICATION, IAOOSEL

e SCHEDULED MAINTENANCE, IANOSM

e PLANNED CORRECTIVE ACTION, IANOPCA

e FORCED OUTAGE, IANOFO Documents
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e SUSPENDED, IANOS
¢ FORCE MAJEURE, IAFM

Time not considered is

Applying the above definitions to Formula (C.1) gives

IAOOSTS+ IAOOSEN, + IAOOSRS + IAOOSEL +
Operational IANOSM + IANOPCA + IANOFO + IANOS + IAFM

availabilityy,e = 1- (C.4)
(incl. level 5) (IAOSFP + IAOSPP + IAOSRS + IAOOSEN,) +

(IAOOSTS + IAOOSEN,, + IAOOSRS + IAOOSEL +

IANOSM + IANOPCA + IANOFO + IANOS + IAFM)

The use of the optional categories calm winds and other environmental allows for a
distinction between lost operating hours due to unavailable wind resource, and those hours
lost due to other operating conditions being beyond the design specifications of the WEGS.
Thus, some low wind situations can be assigned as ‘not penalized’ (e.g. calm winds).

Cc.2.3 Time based availability — "technical availability"

This subclause illustrates application of the Formula (C.1) for a time-based technical
availability calculation. An example considering mandatory categories only is presented.

In this example, time considered as available is

e FULL PERFORMANCE, IAOSFP

e PARTIAL PERFORMANCE, IAOSPP

e READY STANDBY, IAOSRS

e TECHNICAL STANDBY, IAOOSTS

e OUT OF ENVIRONMENTAL SPECIFICATION, IAOOSEN
e REQUESTED SHUTDOWN, IAOOSRS

e OUT OF ELECTRICAL SPECIFICATION, IAOOSEL

Time considered unavailable is

e PLANNED CORRECTIVE ACTION, IANOPCA
e FORCED OUTAGE, IANOFO

Time not considered is

Applying the above definitions to Formula (C.1) gives

) IANOPCA + IANOFO
Technical =1 (C.5)

availabilityjme (IAOSFP + IAOSPP + IAOSRS + IAOOSTS + IAOOSEN
+ IAOOSRS + IAOOSEL) + (IANOPCA + IANOFO) . Documents
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C.3 Production-based availability

C.3.1 General

The production-based approach is based on summing-up the actual and potential production
assigned to available and unavailable information categories.

C.3.2 Production-based availability — "operational availability”

This subclause illustrates application of the Formula (C.2) for a production-based operational
availability calculation. An example considering mandatory categories only is presented.

In this example, information categories with an actual energy production are:

e FULL PERFORMANCE, IAOSFPS,
e PARTIAL PERFORMANCE, IAOSPPS,
e READY STANDBY, IAOSRSS,

Information categories with lost production are:

e PARTIAL PERFORMANCE, IAOSPPSp — IAOSPPS 5

e READY STANDBY, IAOSRSSp - IAOSRSS 5

e TECHNICAL STANDBY, IAOOSTSSp

e OUT OF ENVIRONMENTAL SPECIFICATION, IAOOSENSp
e REQUESTED SHUTDOWN, IAOOSRSSp

e OUT OF ELECTRICAL SPECIFICATION, IAOOSELSp
e SCHEDULED MAINTENANCE, IANOSMSp

e PLANNED CORRECTIVE ACTION, IANOPCASp

e FORCED OUTAGE, IANOFOSp

e SUSPENDED, IANOSSp

e FORCE MAJEURE, IAFMSp

Information categories not included in the calculation are:

Applying the above definitions to Formula (C.2) gives

(IAOSPPSp, - IAOSPPS,) + (IAOSRSSp -
IAOSRSS,) + IAOOSTSSp + IAOOSENSp, +
IAOOSRSSp + IAOOSELSp + IANOSMSp +

Operational IANOPCASp + IANOFOSp + IANOSSp + IAFMSp

production- =1 - (C.6)
pased (IAOSFPS, + IAOSPPS, + IAOSRSS ) +

avallabiiityprod (IAOSPPSp — IAOSPPS,) + (IAOSRSSp —

IAOSRSS,) + IAOOSTSSp + IAOOSENS, +
IAOOSRSSp + IAOOSELSp + IANOSMS, +
IANOPCASp + IANOFOSp + IANOSSp + IAFMSp

Note that since no information about the WEGS is known in the INFORMATION
UNAVAILABLE information category, these periods are not included as available or
unavailable, and are excluded entirely from the calculation. This is the equivalent of assuming
that production during those periods is the same as the average production durin eéeriod
for which information is available. ocuments
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C.3.3 Production-based availability — "technical availability"

This subclause illustrates application of the Formula (C.2) for a production-based technical
availability calculation. Examples are made for mandatory categories and for situations also
considering the optional categories defined for level 5.

a) Basic operational availability algorithm based on mandatory categories only

In this example, information categories with actual energy production are:

e FULL PERFORMANCE, IAOSFPS,
e PARTIAL PERFORMANCE, 1AOSPPS,
e READY STANDBY, IAOSRSS

Furthermore, although the following categories are non-generating and have no actual energy
production, for the purposes of this definition, the potential energy production associated with
each is included as available:

e TECHNICAL STANDBY, IAOOSTSSp

e OUT OF ENVIRONMENTAL SPECIFICATION, IAOOSENSp
e REQUESTED SHUTDOWN, IAOOSRSSp

e OUT OF ELECTRICAL SPECIFICATION, IAOOSELSp

Information categories with lost production are:

e PARTIAL PERFORMANCE, IAOSPPSp - IAOSPPS
e READY STANDBY, IAOSRSSp - IAOSRSS 5

e PLANNED CORRECTIVE ACTION, IANOPCASp

e FORCED OUTAGE, IANOFOSp

Information categories not included in the calculation include:

Applying the above definitions to Formula (C.2) gives

(IAOSPPSp — IAOSPPS,) + (IAOSRSSp —
IAOSRSS,) + IANOPCASp + IANOFOSp

Technical
production- =1 - (IAOSFPS, + IAOSPPS, + IAOSRSS, + (C.7)
based IAOOSTSS;, + IAOOSENS}, + IAOOSRSSp, +
availability, oq IAOOSELS,) + (IAOSPPSp — IAOSPPS ) +
(IAOSRSSp — IAOSRSS,) + IANOPCAS, +
IANOFOS,,

b) Basic technical availability algorithm — including optional categories

In this example, information categories with actual energy production are:

e FULL PERFORMANCE, IAOSFPS,
e PARTIAL PERFORMANCE - derated, IAOSPPpRS A
e PARTIAL PERFORMANCE - degraded, IAOSPPSu

e READY STANDBY, IAOSRSS Documents
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Furthermore, although the following categories are non-generating and have no actual energy
production, for the purposes of this definition, the potential energy production associated with
each is included as available:

« PARTIAL PERFORMANCE - derated, IAOSPPRSp — IAOSPPpRSA
« TECHNICAL STANDBY, IA00STSSp

« OUT OF ENVIRONMENTAL SPECIFICATION — other environmental, IACOSENSp
« REQUESTED SHUTDOWN, IAOOSRSSp

« OUT OF ELECTRICAL SPECIFICATION, IAOOSELSp

Information categories with lost production are:

e PARTIAL PERFORMANCE - degraded, IAOSPPLSp - IAOSPPRSp
e READY STANDBY, IAOSRSSp - IAOSRSS 5

e PLANNED CORRECTIVE ACTION, IANOPCASp

e FORCED OUTAGE, IANOFOSp

Information categories not considered in the calculation include:

Applying the above definitions to Formula (C.2) gives

(IAOSPP5Sp — IAOSPPsS,) + (IAOSRSP, —
IAOSRSP,) + IANOPCASp + IANOFOSp

Technical

production- -1 _ (IAOSFPS, + IAOSPPpRS, + IAOSPPpgS, + (C.8)
based IAOSRSS, + (IAOSPPprSp — IAOSPPpRS,) + '
availability o IAOOSTSSp + IAOOSENOSE + IAOOSRSSp +

IAOOSELSp) + (IAOSPPpgSp — IAOSPPS,) +
(IAOSRSPp — IAOSRSP,) + IANOPCAS,, +
IANOFOSp

Unlike in the example of ‘operational availability’ in C.2.2, the use of the optional information
categories OUT OF ENVIRONMENTAL SPECIFICATION - calm winds and OUT OF
ENVIRONMENTAL SPECIFICATION - other environmental is different. For calm wind
situations, there is no actual or potential energy production and therefore no lost production.
Periods of calm winds are essentially excluded from production-based availability calculations.
Production-based availability is affected when wind resources are not captured by a WEGS
due to environmental conditions beyond the design specifications of the WEGS, but the
performance metric is not penalized when no wind resource is available.

C.4 Capacity factor and other performance indicators

C.41 General

In addition to time-based or production-based availability, which primarily describe the
readiness of a WEGS to capture site wind resources, other performance indicators may
be defined which might be useful in describing or characterizing additional aspects of the
WEGS performance. Users may find other definitions or other performance indicators to

be more applicable to their needs. Documents
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