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1)

2)

3)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

WIND TURBINES -

Part 26-2: Production-based availability for wind turbines

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for sta

dard |zat|on comprising

aJl national electrotechnical committees (IEC National Committees). mote
i i i i i ization i 5. To
cificatons,

chnical Reports, Publicly Available Specifications (PAS) and Guides “IEC
ihtergsted

ublication(s)”). Their preparation is entrusted to technical committees; an
the subject dealt wrth may partrcrpate in this preparatory work 7 non-
sely

d by

onal
n all

onal
IEC
ublications is accurate, IEC cannot be keld any

isinterpretation by any end user.

tions
ence
Bd in

rmity
any

4 and
& National Committees for any personal injury, property damage or
whether direct or indirect, or for costs (including legal fees)| and
use of, or reliance upon, this IEC Publication or any other| IEC

ive references cited in this publication. Use of the referenced publicatiops is

W\, to\ the~possibility that some of the elements of this IEC Publication may be the subjdct of

EC technical committees is to prepare International Standards| In

exceptional circumstances, a technical committee may propose the publication of a technical

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 61400-26-2, which is a technical specification, has been prepared by IEC technical
committee 88: Wind turbines.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
88/455/DTS 88/483/RVC
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 publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
A ligt of all parts of the IEC 61400 series, under the general title Wind turbines, can_be. fdqund
on the IEC website.
The| committee has decided that the contents of this publication ed until
the |stability date indicated on the |IEC web site under "http://web .he \the data
relafed to the specific publication. At this date, the publication &
¢ {ransformed into an International standard,
e feconfirmed,
e withdrawn,
o freplaced by a revised edition, or
. mended.
A bilingual edition of this document mag be issu 3 ater date.
cover page of this publication indicates
considered to be useful for the corrpct

IMPORTANT - The 'c insi
that it contai colours
understanding @ o
colour printer. z\

A

should therefore print this document using a

N
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INTRODUCTION

The intention of this technical specification is to define a common basis for exchange of
information on performance indicators between owners, utilities, lenders, operators,
manufacturers, consultants, regulatory bodies, certification bodies, insurance companies and
other stakeholders in the wind power generation business. This is achieved by providing an
information model specifying how time designations shall be split into information categories.
The information model forms the basis for how to allocate time for reporting availability and
reliability indicators.

The
consgtraints in describing system and component availability, lifetime expe
critgria for determining overhaul intervals. The specification defines ter

terms for reporting energy based generating unit availability measurepfent.

ntal
ancy, repainstjand

congerned with fractions of time and energy a unit is capable of\ praviding
takipg environmental aspects into account. Environmental aspge i

defipes terminology and terms for reporting performar
prodquction. Mandatory information categories defined in th

in dapital letters; optional information categories d i
writlen in bold letters.

The|project scope is accomplished by g

e |EC TS 61400-26-1, which specifie
jenerating system;

bine
vind
e |EC/TS 61400-26-83 i i ime- ion-bgsed

Par{ 2 is an ext@n
infofmation model de

model are defined R

the
tion

Theli

base and
enefg tion
terms.

NOTE The point of etegtfical connection is defined individually from one project to the other, but is normally
undefrstood ‘@s-the electrical low voltage or high voltage terminals of the wind turbine generating system connefting
to the feeder cables.
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WIND TURBINES -

Part 26-2: Production-based availability for wind turbines

1 Scope

Thi nart of |1EC 61400 provides—a framework from which-nroduction-based performance
g g g g

indicators of a WTGS (wind turbine generator system) can be derived. It unambiguepsly
desgribes how data is categorised and provides examples of how the d& i to
deriye performance indicators.

The|approach of this part of IEC 61400 is to expand the time allo d in
IEC|TS 61400-26-1, with two additional layers for recording o tion
and

It ig sed
ava i anthe basis for power clirve

perfl

This

2

The wpart, are normatively referenced in this documentjand
are or dated references, only the edition cited applies.|For
und edition of the referenced document (including |any
ame

IEC|600 International  Electrotechnical  Vocabulary (available | at

<http://www.eleecitopadiarérg/)

IEC|TS 64400-26-1:2011, Wind turbines — Part 26-1: Time-based availability for wind turbine
gengrating systems

3 Terms, definitions and abbreviations

For the purposes of the present document, the following terms, definitions and abbreviations
apply, as well as the relevant terms and definitions contained in IEC TS 61400-26-1 and
IEC 60050-415.

3.1 Terms and definitions

3.11

site conditions

conditions affecting the energy production of the WTGS, e.g. topographic, climatic and
meteorological conditions, sector management, electrical environment and contractual
constraints


http://www.electropedia.org/
http://www.electropedia.org/
https://iecnorm.com/api/?name=1320441f8605d28e5a61756e8515c911
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3.1.2

actual energy production
energy measured at the point of connection to the power collection system (according to IEV
and |IEC 60050-415)

Note 1 to entry:

The connection point may be at low voltage level or at medium or high voltage level depending on

the design of the WTGS.

3.1.3

potential energy production
calculated energy based on the WTGS design criteria and technical specifications and the site

congitiorns

3.1.4

lost production

enefgy not supplied

Note|1 to entry: The lost production is the difference between potentia otential ernergy

prodyction and actual energy production.

3.2| Abbreviations

3.2.1 Information available

1A Information available category

IAO Information availablé {

IAOG Information

IAOGFP Information

IAOGPP Informatign ory

IAONG Informatiqn

IAONGTS on generating technical standby categony

IAONGEN pative non generating out of environmgntal

IAONGEL perative non generating out of electrical specificdtion

IAONGRS available operative non generating requested shutdpwn

IAND available non operative category

IANDSM available non operative scheduled maintenance category

IANDPCA available non operative planned corrective action category

IANDFQ Information available non operative forced outage category

IANDS Information available non operative suspended category

IAFM Information available force majeure category

IAPp Information available category — potential energy production

IAP 5 Information available category — actual energy production

IAOPp Information available operative category — potential energy production

IAOP 5 Information available operative category — actual energy production

IAOGPp Information available operative generating category — potential energy
production

IAOGP, Information available operative generating category - actual energy
production

IAOGFPPp Information available operative generating with full performance category —

potential energy production
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| engergy

IAOGFPP, Information available operative generating with full performance category —
actual energy production

IAOGPPPp Information available operative generating with partial performance category
— potential energy production

IAOGPPP, Information available operative generating with partial performance category
— actual energy production

IAOGPPprPp Information available operative generating with partial performance category,
optional derated — potential energy production

IAOGPPRpgP,  Information available operative generating with partial performance category,
optiomatderated——=actuatemergy production

IAOGPPpgPp Information available operative generating with partial pepformance categpory,
optional degraded — potential energy production

IAOGPPRpgP,  Information available operative generating with partjg ) ecategory,
optional degraded — actual energy production

IAONGPp

IAONGP Y, category\— actual eng¢rgy

IAONGTPp teshnical standby categofy —

IAONGTP 4 hnical standby categofy —

IAONGENPp generating out of environmgntal

% production
IAONGENP 5 generating out of environmgntal
IAONGENGCPp ¢ non generating out of environmgntal
ory calm winds — potential energy production
IAONGENGP able\ operative non generating out of environmgntal
ional category calm winds — actual energy production
IAONGENGPp operative non generating out of environmgntal
category other environmental — potential eng¢rgy
IAONG operative non generating out of environmgntal
category other environmental — actual engrgy

IAONGELRg ofmation available operative non generating out of electrical specificgtion
category — potential energy production

IAONGELP, Information available operative non generating out of electrical specificdtion
bategUIy —actuat ceTrgy pluu'uuiiun

IAONGRSPp Information available operative non generating requested shutdown
category — potential energy production

IAONGRSP, Information available operative non generating requested shutdown
category — actual energy production

IANPp Information available non operative category — potential energy production

IANP 5 Information available non operative category — actual energy production

IANOSMPp Information available non operative scheduled maintenance category —
potential energy production

IANOSMP 5 Information available non operative scheduled maintenance category -

actual energy production
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IANOPCAP,
IANOPCAP
IANOFOP,
IANOFOP

IANOSPp

IAN

IAF
IAF

3.2.

1V

Information available non operative planned corrective action category —

potential energy production

Information available non operative planned corrective action category —

actual energy production

Information available non operative forced outage category — potential

energy production

Information available non operative forced outage category — actual energy

production

Information available non operative suspended category — potential energy

R

OSP,

Py
P,

Information unavailable

production

Information available non operative suspended category actualenergy
production
Information available force majeure category — potenti duction

Information available force majeure category — actt S ductron

Information unavailable category

&
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4 Information model

4.1 General

Figure 1 provides an information category overview.

Information categories

Mandatory level 1 Mandatory level 2 Mandatory level 3 Mandatory level 4 Optional — see
IEC TS 61400-26-1
and Annex A

[t W]

W) LIA4™1™
Z PERFORMANCE
Z~
o IAOGFP)
&0 ( 4
ws PARTIAL erated
] PERFORMA
o (IAOG \\Qegr ded
w
=
=~
o .
é < g \ Calm winds
w = =
3 : o~ Other
@] .
x O environmentdl
wZ
Z 0
w w
o ©)
<
:I
<
>
< _ ELECTRICAL
% g SPECIFICATION
2= (\ (IAONGEL)
<
= SGHEDULED MAINTENANCE
x (IANOSM)
L
zZ Retrofit
PLANNED CORRECTIVE ACTION Upgrade
(IANOPCA) Other correctiye
action
Response
FORCED OUTAGE Diagnostic
(IANOFO) Logistic
Failure repai
Scheduled
maintenanc
SUSPENDED .
Planned correcflive
(IANOS) action
Forced outage
FORCE MAJEURE
(IAFM)
INFORMATION UNAVAILABLE

(V)

IEC 1711/14

Figure 1 — Information category overview

The information model is strictly based on the model specified in IEC TS 61400-26-1. The
model from IEC TS 61400-26-1 is reproduced in Figure 1. The main characteristics of this
model are summarised below; however, for a complete description of all features, see
IEC TS 61400-26-1.

The model has been extended to allow for production-based availability to be calculated. The
extension is done by adding two additional layers to the model from IEC TS 61400-26-1, as
shown in Figure 2. It is important to note that all characteristics of the model in
IEC TS 61400-26-1 apply here.
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& INFORMATION AVAILABLE
D"
&
&
o /& OPERATIVE NON-OPERATIVE
&/
&/
&
S /o
& &
Q\e‘& o GENERATING NON-GENERATING
N &
<
< v &
O \a »
& S s /S8 & /§
¢ \a 9 & /&
WSS S S S S & S8/
S N & N\ S & N \go Qj% o
S S S & N S ES s NV
&/ & «\\»‘3 & «6%@ 3««"’&%&&\ &S Qy Yy
& S QI &
S E & /S é&a@ S/ ‘l&\ S/

Time Layer
(part1) G miw e W Measured Time/~ == =éuotaunduan
Measured A
S 7T & X F /&S ES /IS S/ /S0
&/ & & & /YL /S ¥/
S/ S & SE/SS/SE/E S &
~ Q R S UG LI S/ LR/ Q

Artual Production Layer

(part2) / ---------- Measured Productions - -~ - <- -

Measured

R & & ST/ /&

o/ & \ Yy S /LS /S
LA & N /S /LSS L/
¥ S & S EL S E

Potgntial Production Layer

(part 2)
Calculated
IEC 1712/14
Layer 1 of this extended model is exactl escribed in IEC TS 61400-26-1. In
layer 2 of the augmented maodel, on rather than time is recorded. [The
production value recorded\is th roduetion recorded during the same periodl as

in the corresponding ca

Layer 3 contain r { W nt Of potential energy production during the same
peripds as in the
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Allocation of production terms to the information categories

The production terms are defined in the definitions of this document. The terms introduced are
actual energy production and potential energy production.

Layer 1 is the allocation of time as specified in the information model in IEC TS 61400-26-1.
Layer 2 is the allocation of values of actual energy production to each of the information
categories, as illustrated in Figure 3. The actual energy production shall be the production as
measured at the point of connection.

Information categories — Layer 1 Layer 2 Layer 3 Layer 2
subtracted
from Layer 3
Mandator Mandator Mandator Actual ener PRiential Lost
y y y Mandatory level 4 ergy ener
Idvel 1 level 2 level 3 production {\ roductjon
oduction
FULL \)
©} PERFORMANCE IAOGF OGE 0
Z (IAOGFP) A
O
& O -
% é TFORMAT V IAOGPPP
w PERFORMANCE -
o (IAOGPP) (IA70 P | G PPP |A0GPP|§A
ECHNIGAL \ Q b
ANDB IAONGTP, IAONGTP,
w (1A T)
=
=~
o
&< o
w<
z
H % IAONGENP, IAONGENP,
0
; 52
ke [ ©) (
<
2 Q %' IAONGRSP, | IAONGRSP,
— = zZ
i
e < OuUT OF
D ELECTRICAL
2 SPECIFICATION 0 IAONGELP, IAONGELP,
- <\ (IAONGEL)
CHEDULED MAINTENANCE
<x \> (IANOSM) 0 IANOSMP, IANOSNIP,
>
< PLANNED CORRECTIVE ACTION
5 g (IANOPCA) 0 IANOPCAP, IANOPCAP,,
% <
z FORCED OUTAGE 0 IANOFOP, IANOFQP,
HANOFSY
pd
SUSPENDED 0 IANOSP, IANOSP,
(IANOS)
FORCE MAJEURE 0 IAFMP, IAFMP,
(IAFM)

INFORMATION UNAVAILABLE

(v)

IEC 1713/14

* In the category INFORMATION UNAVAILABLE, data is missing or cannot be quantified; a value cannot be

determined.

Figure 3 — Information categories, addition of layer 2 and layer 3, mandatory categories
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Layer 3 is the allocation of values of potential energy production to each of the information
categories as illustrated in Figure 3. Possible methods for determination of the potential
energy production are included in Annex A, however the method for establishing the potential
energy production is outside the scope of this specification. The intention is that the data that
populate this layer should represent, as closely as is possible, the production that could have
been realised if the turbine had been operating as per the FULL PERFORMANCE, taking into
account the amount of wind energy available.

When actual energy production and potential energy production are determined, lost
production may be derived as follows.

¢ No lost production shall be associated with the respective information category, whenp| the
IWTGS is generating in FULL PERFORMANCE.

e lLost production shall be determined by the difference betwee e _potential eng¢rgy
broduction and the actual energy production during the time the\V S i ing in
PARTIAL PERFORMANCE.

e lost production shall equal the potential energy production™>duringgcthe ti the
IWTGS is not in GENERATING (except for INFORMATIO Ny e in
Figure 3)

It is|recognized that while generating in FULL PERFOR 3 2 ion may

not |exactly equal potential energy production due i 2 the

performance of the WTGS, such as blade fouI| g0 , or
due|to how the potential energy progddcti A & z the

WTGEGS production is beyond the scope oRtf ; bine

performance while in the FULL PERFOR® i bx C.

4.3| Mean-value based information

While capacity-based inforatian i ol i i i d in

4.2,[the mean capacit v : can

be done for the actual enefy MC T i i d in

Layers 2 and 3, j i the

corresponding ca

The|example in the of i i i gcity

factprs, and re )

4.4 | Liy

It is| not in th € tion

acquisition and haw todestimate the production terms.

During periods of non-generation, the WTGS may be consuming power (parasitic losses). This

is nl)t conhsidered for the model as this is not contributing to provision of services as defingd in

the scope.

Production during transition between information categories is not considered, as this is
insignificant.

4.5 Entry and exit points

Entry and exit points of the information categories are as specified in IEC TS 61400-26-1.
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4.6 Information category priority
Priorities of the information categories are as specified in IEC TS 61400-26-1.

There may be conflicts within the optional categories as derated production and degraded
production may appear simultaneously. The situation is discussed in the informative Annex E.

@C@
S
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A1

Annex A
(informative)

Possible methods for the determination
of potential energy production

General

Annex A includes various examples of determining the potential energy production
spegific WTGS, considering the site conditions. Due to normal vafiatiqns in- tur

performance as a result of site conditions and measurement uncertaintyng

the FULL PEFORMANCE information category may produce more or |&€ss ene pare]
its potential energy production. However, the purpose of Annex Ads

ovefl or under production, but to assess the potential energy prodyctig it is
runiing in FULL PERFORMANCE in order to determine the los{

Annex A does not specify or recommend any particularnmethod ©

enefgy production, but identifies several possibilities”ant\ists 4SS tobe considered
each of the methods. It is up to the user to define
numrber of turbines at a site, data availability and

ed, depending on

Twd methodologies are defined:

A.2| Specific powe

A.2

1 Generg ;
Thig group of metho
plotiing velocity vs.
production data

Thelfollowing\possi

A.2

Iipstream-wind_ measurement with power curve;

et mast wind measurement with correction factors and power curve.

2 Nacelle anemometer wind measurement with power curve

pf a
bine
g in
d to
this
not
unit.

ntial
for
the

| by
wer

This method is based on the wind measurement from the nacelle anemometer and the power
determination from a power curve for the turbine. The wind speed is typically determined from
a calibrated anemometer on the top of the nacelle and corrected for temperature and pressure
to a standard reference condition. The potential energy production for that wind speed can
then be determined by:

a)

the manufacturer’s specified site specific reference power curve for that turbine, or

b) the historical power curve developed over time for that specific WTGS when operating in

FULL PERFORMANCE.

Issues to consider:

No equipment outside the WTGS is needed;
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Measurement can be synchronised with changes of information category;
Possible for any location or for a site with one WTGS;

Inaccurate due to inclined flow behind the rotor;

High maintenance (recalibration every two years);

Sensitive to failure of the measurement device;

Measurement in one level;

e Significant prior data required to establish the historical power data.

A.2

Ups
cap
mod
detd
rang

The
ther
calc

As
tem

a)
b)

Issues to consider:

A.2

This

3 Upsfream wind measurement with power curve

tream wind sensor modules are located just behind the blades on(the hacelle \but

),

\/Ieasureme
No met mast nege

Significant prior data required to establish the historical power data.
4 Met mast wind measurement with correction factors and power curve

method relies on using a model of the topography of the site and a mathema

are
hsor
adio
and

and
tion

for

tion

g in

ical

approach to develop a correction factor correlating the wind speed at any specific W1

loca

tion to the wind speed measured at the met mast.

'GS

Since the measured values (i,e. wind speed and power) are difficult to synchronize with the
changing information categories of the WTGS, some loss of accuracy in the speed up factors

can

be expected.

As with the use of the nacelle anemometer, the measurement must be corrected for
temperature and pressure to a standard reference condition. The potential energy production

for t

hat wind speed can then be determined by:

a) the manufacturer’s specified site specific reference power curve for that turbine, or

b) the historical power curve developed over time for that specific WTGS when operating in
FULL PERFORMANCE.
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Issues to consider:

e Measurement of wind speed is less affected by local wind turbine conditions;

Measurement at different levels;

Speed up factors for each machine must be calculated;

Requires one or more met masts at each site. Potentially expensive;

High maintenance (recalibration every two years);

Wind speeds measured at the met mast must be synchronised with the information
atpgnripq of each WTGS

A.3] Power-based methods

A.311 General

log
hen

Thid group of methods does not require a site-specific powe
(timpstamp) has to be used to calculate the potential power pro
the WTGS is unavailable. Some of the methods are proposé

The|following possible methods are described:

e average production of wind farm;
e average production of representative cemg
e gdata acquisition with comparison chart/data

e average wind speed of wind farm.

A.3)2 Average produg

Thi§ method is base ULL
PERFORMANCE jnfor ime
peripd as the \@ i The
potgntial energy be

the |product of the 11Q We’WTGS in consideration and the average produdtion
factpr of all othe S | park operating in FULL PERFORMANCE in the same
timg period. The patenti exgy production is then calculated as below:

Calgulation bal e gy production:

n

Fave =1n* > F(i)=1/n+ > (Po_ave() ! Pu)) (n.1)

where

Fave is the averaged production factor;

F(i) is the production factor of turbine i;

P 1s the nominal power of turbine i/

Pp_aveqi is the averaged produced power of turbine 7;

nis the number of turbines operating in FULL PERFORMANCE (disregarding the
WTGS in consideration).

Step 2: Calculation of the lost power of turbine not in FULL PERFORMANCE
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PL:FAVE*PND_PA (A2)

where

Fave is the averaged production factor;

Pa
PL

is the actual power of the turbine not in FULL PERFORMANCE;
is the lost power of the turbine not in FULL PERFORMANCE;

Pnp is the nominal power of the turbine not in FULL PERFORMANCE.

Because the potentlal energy productlon is taken d|rectly from other turbmes operatmg under

appge S - - S

site|or turbme cond|t|ons is requwed ThIS method is not sensmve to wmd speed measure ent
errors.

Thig method is suitable only for wind farm with more than one WTG

Issues to consider:

e No wind speed measurement is required;

e No correction for site conditions is required;

[ ]

[ ]

¢ Does not account for local variatio

e Requires a minimum number of mac

[ ]

o annot be used if all

A.33 Average pro

Thig method is simila pYi i i i | but
use$ as the comp " a-stibse of turbines that are judged to have conditions nnore
simiflar to the WTGS S g pre-
defi : the
WTEG tion
duri 5Ss
opef

Bec | enefgy production is taken directly from other turbines operating under
simi - , bine
condlitions is.required’ This method is not sensitive to wind speed measurement error.

Thig méthod is suitable only for wind farm with more than one WTGS.

Issues to consider:

A representative comparison group must be defined for each WTGS;

No wind speed measurement is required,;

No correction for site conditions is required;

Less sensitive to turbine aging, fouling, deterioration, wake effects, etc.;

Averaging across many turbines reduces sensitivity to error and variation;

Does not account for local variation in wind conditions from representative group avera
Requires a minimum number of machines operating at FULL PERFORMANCE;
Measured values must be synchronized with changed categories of the machines;

ge;
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e Cannot be used if all units are curtailed to PARTIAL PERFORMANCE.

A.3.

4 Data acquisition with comparison chart/database

This method is based on the correlation of the wind conditions (met mast) and the power
output of the WTGS. This would imply the need of a simultaneous database and the
correlation between them in form of a matrix (power output function of the met mast measured
wind speed and direction). If data are available, then it is possible to compute the potential
energy production.

The model is site-specific and requires a learning period. It is suitable only for wind farms with

morg

the

Issu

A.3

This
con

opef

spe m

at th

The
mari
that

The

earning period has to start again.

than one WTGS in the wind farm. In case of modifications of the wind farm or the site,

es to consider:
Changes to the wake exposure of the met mast depending on wha ergting;
Recalculation of the production-based availability after the |
Minimum number of machines required;
| earning period,;
ged
modifications or new WTGS, tree felling, etc
High maintenance (recalibration p
5 Average wind speed of wind
method is based o ) : $ in
Sideration by calculatifhg t wind speed of the other WTGSs of the wind farm
i vind
er’s

the

ion to
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’ ~\ ’ ~\ (ﬁ
Turbine 1 P Turbine 1 VA1 Averaging of
A1
Actual energy Measured Power Curve Calculated
production .
\ )y \ )y wind speeds
—>
[ Turbi h f Turbi h v
urbine n urbine n
PAn ave
Actual energy Measured Power Curve V
roduction
\ P J \ AN /
IEC, 1714/14
Key
P, measured power of working wind turbine "n"
v, calculated wind speed in front of turbine "n"
ve| @veraged wind speed
Figure A.1 — Step 1: Calculation of wind speed base rki
Averaged wind ave Thrbir(e rot jn LN P,
E RIMNC
speed V, . Megsured Rawer Cury
N IEC 1715/14
Key
V,e| @averaged wind speed
Py i RFORMANCE



https://iecnorm.com/api/?name=1320441f8605d28e5a61756e8515c911

IEC

B.1

TS 61400-26-2:2014 © IEC 2014 - 23 -

Annex B
(informative)

Production-based availability indicators — examples

General

Annex B describes examples of how to calculate various measures of production-based

avallability of a WTGS, based on the information categories defined in this document and in
IEC|TS 61400-26-1. Examples are given using mandatory and optional categeries. Uséers may
find| other optional categories or definitions of production-based availab oce rspecific to
theif needs.
In the time period for which production-based availability is to be n of
the |turbine must first be categorized according to the info d in
IEC|TS 61400-26-1.
Each example of production-based availability is define
a) pctual energy production;
b) |ost production; and
c)
When calculating the measure of availdbility, thex{oo

B.1)
The h of
the
The use B.1 is the sum of the information in layer 3 for each of|the
infof ified for each definition of availability, except for GENERATING -
FUUL PER E~and GENERATING - PARTIAL PERFORMANCE, where |the
infofmation in\laye ess that in layer 2 equals the lost production.
B.2| ..System operational production-based availability (“WTGS user’s view”)
B.2.1 General

System operational production-based availability is the ratio of actual energy production in a
given period of time compared to what the production would have been if the unit has been
generating in full performance the entire time. All causes of lost production are included. This
may be considered as representative of the WTGS user’s view of availability and production.

B.2.

2 System operational production-based availability algorithm based on
mandatory information categories only

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

e GENERATING - FULL PERFORMANCE, IAOGFPP 4
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e GENERATING - PARTIAL PERFORMANCE, IAOGPPP,
Information categories with lost production are:

e GENERATING — PARTIAL PERFORMANCE, IAOGPPPp - IAOGPPP
TECHNICAL STANDBY, IAONGTPp

OUT OF ENVIRONMENTAL SPECIFICATION, IAONGENPp
REQUESTED SHUTDOWN, IAONGRSPp

OUT OF ELECTRICAL SPECIFICATION, IAONGELPp

e SCHEDULED MAINTENANCE, IANOSMPp

e PLANNED CORRECTIVE ACTION, IANOPCAPp

e FORCED OUTAGE, IANOFOPp

e PSUSPENDED, IANOSPp

e FORCE MAJEURE, IAFMPp

Examples of cases are illustrated in Annex D.

Infofmation categories not included in the calculatioryare:

NFORMATION UNAVAILABLE, IU

¥ IAONGENP,,
+ |ANOPCAP;, +
Syptem P P
operational 1 p + IAFMPp 1,
o S ) NINGGPPP, — IAOGPPP,) + 17
ava;ilability ONGRSPp + IAONGELPp

Not¢ that sincg\ >o the turbine is known in the INFORMAT|ON
UNAVAILABLE infa Yof hese periods are not included as availablg or
unayailable, and afe & i from the calculation. This is the equivalent of assuming
that| production diring Isis the same as the average production during the period
for Wwhich information i

Unli injtiotof sytem operational availability in IEC TS 61400 26 1:2011, B.2.3| the

with
ion.
are
ipnal
TGS
due to environmental conditions beyond the design specifications of the WTGS, but the
performance metric is not penalized when no wind resource is available.

B.2.3 Turbine operational production-based availability algorithm — including
optional information categories

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

e GENERATING - FULL PERFORMANCE, IAOGFPP,
e Generating — partial performance, derated, IAOGPPRpRP,
e Generating — partial performance, degraded, IAOGPPpgP,

In this example, information categories with lost production are:
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Generating — partial performance, derated, IAOGPPprPp - IAOGPPRHRP A

Generating — partial performance, degraded, IAOGPPRgPp - IAOGPPRgP4
TECHNICAL STANDBY, IAONGTPp

Out of Environmental Specification — Other, IAONGENyPp

SCHEDULED MAINTENANCE, IANOSMPp

PLANNED CORRECTIVE ACTION, IANOPCAPp

FORCED OUTAGE, IANOFOPp

o SUSPENDEDIANOSP,

Infofmation categories not included in the calculation are:

e Dut of Environmental Specification — Calm winds, IAONGEN:Pp
e REQUESTED SHUTDOWN, IAONGRSPp

e OUT OF ELECTRICAL SPECIFICATION, IAONGELPp

e FORCE MAJEURE, IAFMPp

e |NFORMATION UNAVAILABLE, IU

(IAOGPPpRPp — IAOGRPp4P)) +UAOSPPR P

Turlbine IAOGPPpgP,A) + IAON +ANONGENgPp + IANOSMP,
opefational + IAWA s\+ IANOF,ORp )+ IANOSP,
proquction- =1_ (B.3)
based (IAOGFP PR PA\I\LMSGPPDGPA) +
avallability (IAOGPP PprPa) + IAOGPPpgPp -
(optional) NGENgPp + IANOSMP,
FOPp + IANOSPp
Turbine operational prpduction-based_av iffers from system operational production-

beyond the control of the turbine are exclyded
fron) consideratj [ ot being evaluated during periods where|the
opefator has re 2 y Q €lectrical connection is not available, or a force
majeure event has o

B.3| Techpnical ¥ -based availability (“WTGS manufacturer’s view”)

B.3]1

Technical prad based availability is the ratio of actual energy production in a gjven
peripd of tinie)ycompared to what production would have been if the WTGS has been opergting
accordings—to its design specifications. This is more representative of the WTGS
marjufacturer’s view of availability and production.

B.3.2 Technical production-based availability based on mandatory information
categories only

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

e GENERATING - FULL PERFORMANCE, IAOGFPP 4
e GENERATING - PARTIAL PERFORMANCE, IAOGPPP,

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, IAONGTPp

e OUT OF ENVIRONMENTAL SPECIFICATION, IAONGENPp
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e REQUESTED SHUTDOWN, IAONGRSPp
e OUT OF ELECTRICAL SPECIFICATION, IAONGELPp

Information categories with lost production are:

e GENERATING - PARTIAL PERFORMANCE, IAOGPPPp - IAOGPPP
e PLANNED CORRECTIVE ACTION, IANOPCAPp
e FORCED OUTAGE, IANOFOPp

Information categories not included in the calculation include:

e PSCHEDULED MAINTENANCE, IANOSMPp
e BSUSPENDED, IANOSPp

e FORCE MAJEURE, IAFMPp

e |NFORMATION UNAVAILABLE, IU

Technical (IAOGPPPp — IAOGPPP,) + IAl?P\ NQFO
production-

based
avallability

(B.4)
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Annex C
(informative)

Capacity factor and other performance indicators

C.1 General

In addition to time-based or production-based availability, which primarily describe the
readiness of a WTGS to capture wind resources, other performance indicators may be defined

whi¢h may be useful in describing or characterizing additional aspeg of the "\WTGS
performance. Annex C describes examples of one such performan 2 capdcity
factpr. It is based on the information categories and terms defined ig tf aent and in

IEC| TS 61400-26-1. Users may find other definitions of other perfo ino ors tq be
morg specific to their needs.

C.2| Capacity factor

Capacity factor is the amount of energy produced bya WT g to how much eng¢rgy
could have been produced if the WTGS has operated & oweT during the specified
peripd of time, and may be defined in terms of (actug sduction or potential engrgy

production

Actlial Actuahkene ctio

capgcity = (€.1)
factor

Potgntial ote t('jal <ta_nergy

capacity gduction (C.R)
fagtor \M/a>ximum production

where maximun defirfed as the power that would have been produced if| the

turbjne has dperated\ at\its rated>output during that period of time.

The| capasity S pasure of the WTGS capability to generate electricity at a spegific
site|(someti ed as the equivalent full load hours over a specified period of time).
Note¢ that theratio of)the actual and potential capacity factors is by definition production-
based availability. Other performance indicators may include production ratios, produdtion
losses and‘revenue-based availability.

The model and information categories introduced in TEC TS 61400-26-T and used to define
time-based availability performance indicators have been extended in this technical
specification to describe production-based availability indicators by adding an additional layer
to the information model to account not only for the hours associated with a given information
category, but also for the actual and potential energy production associated with that
information category. In general, that model can be extended by the user to other parameters
of interest as well. For example, an additional layer can be defined for the revenue associated
with the actual, potential, or lost production of the WTGS for any specific information
category, and revenue-based production can be assessed in a similar manner. The availability
model in Annex B can be extended for alternate definitions of revenue-based availability.
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C.3 Production ratio

Production ratio is the amount of energy produced by a WTGS while in FULL PEFORMANCE
compared to its potential energy production.

Actual energy production
(IAOGFPP,)

Production ratio = (C.3)

Potential energy
production (IAOGFPPp)

The| production ratio is a measure of whether the turbine is producing as” expected~Turbine
outgut in FULL PERFORMANCE can be different than expected duy blade “fouling,
impfroper alignment, pitch system malfunction, temperature or t effests among

othgrs This performance metric allows for the quick identification{of ce|the
production ratio on those units is expected to be less than one S ed [that
actdal energy production can be the same as or greater thgn po ial\\ehergys produdtion

depending on expected variations in production and how i S groduction is
defiped, or over what period of time the production ratio is<calc
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Annex D
(informative)

Verification scenarios — examples

D.1 General

Annex D illustrates examples for application of the three layers of the information model set

out jn this Technical Specification. It illustrates methods for calculation of various production-

based availability indicators according to Annex B.

The| examples illustrate possible conflicts if or when actual energy p
potgntial energy production. The examples suggest possible assig
possible contractual conditions.

D.2| Application scenarios

D.2/1 General

e The WTGS is assumed to produce 100 the
jepicted period.
e FEach scenario represents one time(bin
e High degree of uncertain and
calculation of potentialkene urer
hgree to accept the the
hctual energy prod
o Otherwise, *@ PO
jetermine whethef t
D.2)2
FULL PERFORMANCE: By definition,
ction is equal to the potential energy production
Exampje orﬁatio \/(,(ircumstance Actual Potential Lost production lanatory
category production production (kWh) note
(Laye (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.2. FULL Wind energy for 100 100 Zero by t applicable
PERFORMANCE | the rated power definition
is available for
the whole time
period.

The example in Table D.1 is the ideal scenario. Both the WTGS user and the WTGS
manufacturer are satisfied by the full performance of the WTGS. There is no lost production

by definition and thus no concern.
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Table D.2 — FULL PERFORMANCE: Actual energy
production is less than potential energy production

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.2.2 FULL Wind energy for |95 100 Zero by WTGS user may
PERFORMANCE |the rated power definition think that the
is available for power curve is
the whole time underperforming
period. By 5 J. The
WTG$
However, actual aanufacturer
energy may think that
production for the cdlculation
the period is mode| is over
95 kWh instead edi(ting by
of 100 kWh. %. Another
possibility is
x degraded WTGS
\ perfoimance due
to dirtly blades or
ice adcumulated
on blgdes.
It has been explicitly mentioned in ¢he nigh
degfee of uncertainty is inherently attached to hoth and
calqulation of potential energy productign ed, as the base case scenario
that| the WTGS user and the WTGS $§ no
debpte is needed on the djfference be ntial
enefgy production.
If the lost productio ANC€E needs to be taken into account, |the
information cat ry from FULL PERFORMANCE to PARTIAL
PERFORMANC
In the scenario i e following four examples of debate are possible
a) The WT at power curve is underperforming by 5 %
b) [The antfacturer wiay think that the calculation model is over predicting by % %,
hus Q ’-“?‘ energy production is 95 kWh and there is no lost production.
c) [The WTGS manufactdrer may doubt the cleanliness of the blades. If the WTGS user is
hssigned-{o Keeping blades clean, he is also assigned to the lost production.
d) [The WTIGS performance might be degraded due to ice accumulated on blades. If|the
WITGS user has accepted the risk of ice on blades, he is assigned to the lost productiop.
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Table D.3 — FULL PERFORMANCE: Actual energy
production greater than potential energy production

constrained to
75 kWh.

Wind energy
for the rated
power is
available for
the whole time
period.

Example Information Circumstance Actual Potential Lost production Explanatory
Category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.2.3 FULL Wind energy for |[103 100 Zero by The WTGS user
PERFORMANCE |the rated power definition may think that
is available for the power curve
the whole time is under
period. decrated by 3 %.
Qnithe other
However, actual hand [The
e”eégyt_ _ WTG$
production 1s manufacturer
103 kWh instead may think that
of 100 kWh. e cdlculation
odel| is over
predigting by
N\,
It hps been explicitly mentioned in the introductioy icati scenarios that high
degfee of uncertainty is inherently attached to of power curve [and
caldulation of potential energy productign. It is t erefore a as the base case scenario,
that| the WTGS user and the WTGS ‘ ccept the uncertainty, thug no
debpte is needed on the difference b e actual \energy/ production and the poteftial
enefgy production
If the lost production at ds to be taken into account, |the
infomation category FULL PERFORMANCE to PARTIAL
PERFORMANCE.
In the scenario i@l ing two examples of debate are possible
a) [The WTGS usef n urve is under declared by 3 %
b) [The WTGS that the calculation model is under predicting by 3 %,
hus the potentjal on is 103 kWh and there is no lost production
D.2J3
4 » Partial performance — Derated: Grid constraint
Exampje Information Circumstance Actual Potential Lost Explanatory
categor production production production note
(Layer 1) (Layer 2) (Layer 3) (kWh)
(10 min) (kWh) (kWh)
[Measured]
D.2.3.1 Partial Due to grid 75 100 25 Grid operator is
performance constraint, the assigned to to
— Derated WTGS output is the entire lost

production
although
financially he
might not be
assigned to
compensate it.

The scenario in Table D.4 illustrates a grid constraint situation. Although the WTGS output is

constrained by grid, it performs fully. All the lost production is due to grid constraint.
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Table D.5 — Partial performance — Derated: Grid constraint,
actual energy production less than potential energy production

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.3.2 Partial Due to grid 70 100 30 Grid operator is
performance constraint, the assigned to
— Derated WTGS output is 25 kWh of the
constrained to lost production
75 KVWh. Wind artnoyggh
energy for the finandially he
rated power is might|not be
available for the assigned to
whole time compensate it.
period. / “

%

The|scenario in Table D.5 illustrates a grid constraint situatiom\with urkine™Nroducing |ess

than the constrained limit. Even under the grid constraint
75 kWh instead of 70 kWh. Under this scenario, at Jea

possible:

osed to produce
r examples|are

b) [The WTGS manufacturer may thigk t i et'is over predicting by T %,
hus the potential energy productioh\| ere is no lost production.
c) [F’he WTGS manufacturer may dou s of the blades. If the WTGS user is
assigned to keeping blades clean, dyto the lost production.
d) The WTGS performa [ < o ice accumulated on blades. If|the
WTGS user has accepted t i , he is assigned to the lost productioh
Table ce — Derated: Output constraint
Exampje Informatiehn irgums e / Actual Potential Lost production Explanatory
categor production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
mi (kWh) (kWh)
[Measured]
D.2.3.3 ([Pact N Noise Yom the |50 100 50 Noise|warranty
er an GS is beyond contrgct
—Dera the warranted between the
level but WTG$ user and
operation is the W[TGS
acceptable if the manufacturer
WTGS output is might|/have
capped to half. defingd that the
ey . WTG$
AL manutacturer is
the rated power assigned to lost
is available for production under
the whole time derated
period. operation due to
noise.

The scenario in Table D.6 illustrates a noise constraint situation. Although the WTGS output
is constrained by noise, it performed fully. All the lost production is due to noise constraint.
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Table D.7 — Partial performance — Derated: Dirt on blades constrained performance

Example Information Circumstance Actual Potential Lost Explanatory
category production production production note
(Layer 1) (Layer 2) (Layer 3) (kWh)
(10 min) (kWh) (kWh)
[Measured]
D.2.3.4 Partial Dirty blades 95 100 The WTGS
performance — | constrained user is
Derated power assigned to
performance of keeping blades
the WTGS, clean but failed
operatoris to-edo1so thus
aware of this. assigned to lost
) prodyction.
Wind energy
for the rated
power is
available for
the whole time
period.
In the scenario in Table D.7, the WTGS user is assigned but he did not do it.
He is therefore assigned to the lost production.
Table D.8 — Partial performanc cumulated
on blades has been det ed to operate
although the
Exampje Information Circumstance Potential Lost production Exglanatory
category roduction (kWh) note
(Layer 1) (Layer 3)
(10 min) N\ (KWh)
N
D.2.3.5 Partial 100 The WTGS user
perform e— might|/have
Derate agreefd with the
Partial WTG$
performance - manufacturer
that he could
operate the
WTG$ even if
ice hgs
accumulated on
avaitable for blade$ and the
th _whole time powe
pefiod. perfofmance is
deratgd for
which{the WTGS
derated manufacturer is
free fjom
assignment.

In the scenario in Table D.8, the WTGS output is derated by ice accumulated on blades. If the
WTGS user has accepted the risk of ice on blades, he is assigned to the lost production.
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Table D.9 — Partial performance — Degraded:
WTGS deterioration known to the WTGS user

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.3.6 Partial The WTGS is 50 100 50 The WTGS is
performance deteriorated. still under
— Degraded Wind energy for warranty by the

the rated power

WTGS

IS avaitapte 1or
the whole time
period.

manufacturer.
The WY TGS
manufacturer
may dgither
accept the
warrapty claim

pick up the
urdep of proof.

In the scenario in Table D.9, it is obvious to the WTG

degfaded. The WTGS user issues warranty claim to t

w

D.24 Scenarios under TECHNICAL STAND, Q
Table D.10 — TECHNICAL STANDBY; WTGS is’cable unwinding
Exampje Information Circumstance Potential Lost production Expglanatory
category roduction (kWh) note
(Layer 1) (Layer 3)
(10 min) (kWh)
D.2.4.1 TECHNICAL 100 100 The cpntract
STANDBY shall gefine who
is assjgned to
lost pfoduction
due tq technical
standpy for
cable|unwinding.
In the scenario in e D.10, the contract shall define who is assigned to lost production [due

to technieal standby for cable unwinding.

D.2
Table D.11 — Out of environmental specification: Calm winds
Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.5.1 Out of No wind energy |0 0 0 Not applicable

environmental
specification
— Calm winds

for power
production is
available for the
whole time
period.
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In the scenario in Table D.11, there is no possibility of production, thus no loss.

Table D.12 — Out of environmental specification: High winds

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.5.2 Out of Wind speed is 0 0 Not applicable
environmental |beyond the cut-
epnnifina{-inn out epnad fortha
— High winds whole time
period. T~
In the scenario in Table D.12, there is no possibility of production, tius\ng loss;

Exampje Information Circumstance Actual Expglanatory
category production note
(Layer 1) (Layer 2)
(10 min) (kWh)
[Measure’d{
D.2.5.3 Out of Temperature is< 0 U 0 Not applicable
environmental |too high and ou
specification of the >
— Temperature |operational
range as set by
the WTGS Q
In the scenario in Tabl

D.2J6 Scenari
ESTED SHUTDOWN: Ice on blades is
(d\ user requests shutdown of the WTGS
Examp|e nfarm ioﬁ Circ}éstance Actual Potential Lost production Explanatory
< go: production production (kWh) note
(Layer 1 (Layer 2) (Layer 3)
min) (kWh) (kWh)
[Measured]
D.2.6.1 Requested Ice has 0 0 The WTGS user
Shutdown accumulated on is assligned to
—Ice on blades |blades. The the lopt
WHFGS-useris preddction

concerned about
risk of ice drop
and requests
shutdown of the
WTGS.

Wind energy for
the rated power
is available for
the whole time
period.

P
although he did
not count any
loss by his
discretion. The
WTGS
manufacturer
may however
take a different
view and insist
credit for
potential energy
production of the
100 kWh which
is lost by
shutdown.
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In the scenario in Table D.14, at least the following two examples are possible:

a) The WTGS user decides to shutdown the WTGS and the WTGS manufacturer is in
agreement. There is no potential energy production and no lost production.

b) The WTGS user decides to shutdown the WTGS but the WTGS manufacturer argues it is
not necessary. The WTGS manufacturer then insists on credit for potential energy
production of 100 kWh which is lost by the shutdown.

Table D.15 — Requested shutdown: Sector management

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.6.2 Requested Wind direction is |0 0 Not applicable
shutdown subject to
— Sector shutdown
management according to the
agreement x
between the
WTGS user and \
the WTGS
manufacturer,
although wind
energy for the
rated power is
available for th<
whole time
period.
In the scenario in Table S i t down”for sector management based on| the
agrgement between the G anufacturer. There is no need for debate.
/\Ta le hutdown: Noise nuisance
Examp|e InformM cu tan}\> Actual Potential Lost production Expglanatory
catego production production (kWh) note
(Layef 1 (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.6.3 J he S user |0 100 100 The WTGS user
cides that make$ warranty
nojse from the claim [to the
TGS is WTG$
beyond the manufacturer.
warranted level
thus requests The WTGS
shutdown. manufacturer
may gither
Wind energy for accept the
The rated power warranty claim
is available for or pick up the
the whole time burden of proof.

period.

In the scenario in Table D.16, at least the following two examples are possible:

a) The WTGS user may make warranty claim to the WTGS manufacturer for the lost
production based on the view that noise from the WTGS is beyond the warranted level.

b) The WTGS manufacturer does not agree that noise from the WTGS is beyond the
warranted level. The WTGS manufacturer shall prove that noise from the WTGS is within

the warranted level.
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D.2.7 Scenarios under OUT OF ELECTRICAL SPECIFICATION
Table D.17 — Out of electrical specification: Low voltage
Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]

D.2.7.1 Out of The WTGS is 0 100 100 Grid operator is
electrical shut down due assigned to the
specification to low voltage entire lost
— Low voltage caused by the produktion

grid system. althoygh
. contrgctually he
Wind energy for might{not be
the rated power assighed to
is available for compénsate it
the whole time ’
period.
In the scenario in Table D.17, lost production is due to g«id e ilurey and no claif is
made to the grid operator.
D.248 Scenarios under SCHEDULED MAINT,
Table D.18 — SCHED VTGS is
under scheduled mainte manufacturer
within the time allowan maintenance contract
Exampje Information Circumstance Potential Lost production Expglanatory
category production (kWh) note
(Layer 1) (Layer 3)
(10 min) /\ (kWh)
D.2.8.1 SCHED 100 100 Some|of the
MAINTE maintgnance
contrgct may
exempt the
WTG$
manufacturer’s
assignment for
lost pfoduction
: within[the time
< the whole time allowgnce for
petiod. scheduled
maintgnance
while pthers may
not.

In the scenario In Table D.T8, at least the following two outcomes are possible:

a) The WTGS manufacturer is not free from assignment for lost production even if it is within
the time period of scheduled maintenance. Production-based availability for the relevant
warranty contract period is then calculated by the WTGS user.

b) The WTGS manufacturer is free from assignment for lost production because it is within
the time allowance for scheduled maintenance.
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D.2.9 Scenarios under PLANNED CORRECTIVE ACTION
Table D.19 — PLANNED CORRECTIVE ACTION: WTGS
manufacturer performs corrective action to the WTGS at his discretion
outside the time allowance of scheduled maintenance
Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.9.1 PLANNED The WTGS is 0 100 100 The WTGS
CORRECTIVE stopped for manufacturer is
ACTION planned to\be pssigned
corrective to los
action. produgtion under
. the pgriod of
Wind energy for lannkd
the rated power >rre tive
is avallable_ for Zction.
the whole time
period.
In the scenario in Table D.19, the WTGS manufacturé igned\to the lost produgqtion.

D.2/10 Scenarios under FORCED JAG
Table D.20 — Forc uta cuit
Exampje Information Circumstance Potential Lost production Expglanatory
category production (kWh) note
(Layer 1) (Layer 3)
(10 min) (kWh)
N
D.2.10.1 Forced outage 100 100 THE VTGS
short cip€ui manufacturer is
to be pssigned
to los
produgtion due
to thiq forced
outagp.
In the scenarig™ i _Table D.20, the WTGS manufacturer is to be assigned to the lost produdtion,
provided that-the S manufacturer is assigned to the outage.
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Table D.21 — Forced outage: Corrosion

— 39 —

Example Information Circumstance Actual Potential Lost production Explanatory
category production production (kWh) note
(Layer 1) (Layer 2) (Layer 3)
(10 min) (kWh) (kWh)
[Measured]
D.2.10.2 Forced outage |Tower paintis 100 100 The WTGS
— Corrosion deteriorated and manufacturer is
the tower is likely to be
rusty due to assigned to lost
corrosion. The production due
WHSS—s-tobe to-thig forced
repainted. outagp.
Wind energy for
the rated power
is available for
the whole time
period.
In the scenario in Table D.21, the WTGS manufacturer 4 € assjgned to the |lost
production, provided that the WTGS manufacturer is i the tower with
adefjuate coating.

Table D.22 Rced/(@sg atl
Exampje Information Circumstance oten fal Lost production Explanatory
category pr tion (kwh) note
(Layer 1) (Layer 3)
(10 min) (kWh)
D.2.10.3 Forced outage 100 100 The WTGS
— Overheating manufacturer is
likely o be
assigmned to lost
produgtion due
to thig forced
Q outagp.
< the whole time
pefiod.
In the seenario in Table D.22, the WTGS manufacturer is likely to be assigned to the [lost

prog

site

spé&cific environment

uction, provided that the WTGS manufacturer is accountable for proper operation at| the
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