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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

Part 100: Electricity producing wave energy converters —
Power pnrfnrma_n_c_e_a_ss_e_ssmnnf

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization compfising
national electrotechnical committees (IEC National Committees). The object of IEC is to premote international
-operation on all questions concerning standardization in the electrical and electronicfields. To this engl and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
iblicly Available Specifications (PAS) and Guides (hereafter referred to as *EC Publication(s)"). [Their
eparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
Ay participate in this preparatory work. International, governmental and non-governmental organizations ligising
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati¢n for
andardization (ISO) in accordance with conditions determined by agreement‘between the two organizatigns.

1)

2) e formal decisions or agreements of IEC on technical matters expresSy as nearly as possible, an internaional
nsensus of opinion on the relevant subjects since each technicahcommittee has representation from all

terested IEC National Committees.

594 w35 V590

3)

m

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

3 TO

4) order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
hnsparently to the maximum extent possible in theirdational and regional publications. Any divergence between

y IEC Publication and the corresponding nationalror regional publication shall be clearly indicated in the latter.

© =3

m

5) C itself does not provide any attestation ,of<conformity. Independent certification bodies provide confgrmity
sessment services and, in some areas, 'aecess to IEC marks of conformity. IEC is not responsible for any

sgrvices carried out by independent certification bodies.

[V

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

7) Np liability shall attach to IEC enrits directors, employees, servants or agents including individual experts and
mlembers of its technical commitiees 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 othef IEC
Publications.

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

9) IHC draws attention to the possibility that the implementation of this document may involve the use ¢f (a)
patent(s). IEC)takes no position concerning the evidence, validity or applicability of any claimed patent rights in
rgspect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), yhich
miy bé required to implement this document. However, implementers are cautioned that this may not represent
thie fatest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC
shall\not be held responsible for identifying any or all such patent rights

IEC TS 62600-100 has been prepared by IEC technical committee 114: Marine energy — Wave,
tidal and other water current converters. It is a Technical Specification.

This second edition cancels and replaces the first edition published in 2012. This
edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Incorporation of IEC TS 62600-102 as a series of annexes in this document

b) Removal of the computation of annual energy production. This has been moved to
IEC TS 62600-101.
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c) Modification to the list of terms definitions, symbols and units.
d) Modification of the reporting section to align with IEC TS 62600-200

The

text of this Technical Specification is based on the following documents:

Draft Report on voting

114/537/DTS 114/554/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in

the abovetabte:

The

This

language used for the development of this Technical Specification is English.

document was drafted in accordance with ISO/IEC Directives, Part 2, and-developg

din

accdrdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at Www.iec.ch/members_experts/refdocs. The main document types developed by IEC| are
desdribed in greater detail at www.iec.ch/publications.
A ligt of all parts in the IEC 62600 series, published under the general title Marine Energy —
Wawve, tidal and other water current converters, can be found of the IEC website.
The committee has decided that the contents of this document will remain unchanged untif the
stabjlity date indicated on the IEC website under welistore.iec.ch in the data related td the
spedific document. At this date, the document will be
e reconfirmed,
e Withdrawn, or
e revised.
IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understandjng
of i{ts contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

This part of IEC 62600, which is a Technical Specification, provides performance assessment
methods for wave energy converters. A wave energy converter is a device which generates
electricity using the action of water waves and delivers electricity to an electrical load.

Wave energy industry development is transitioning from preliminary stages to commercial
production stages. Validated data gathering and processing techniques are important to
improve existing technologies. This document will be subject to changes as data are collected
and processed from testing of wave energy converters.

The lexpected users of the document include:

e [evice developers who want to validate the performance of their wave energy-convertgr.

hvestors who want to assess the performance of a device developer's~-wave energy
onverter.

I

d

e FHroject developers who want to assess the performance of their project against
manufacturer's claims.

[ ]
fda)

urveyors contracted to carry out the assessment.

Lonformity assessment, test laboratories, and certification.

roject developers — income, return on investment

evice developers — performance of device

tilities and investors — reliability/predictability efysupply, return on investment

olicy-makers and planners — usage of seaseape, optimisation of resource, power sypply
Esues

[ ]
ol = | Y -l o | o

e (Consultants to produce resource data/due diligence — compatible/readable data format

An gssential element for any publishedd echnical Specification or International Standard s to
allow an opportunity to provide feedback on its contents to the appropriate TC 114 Working
Groyp. TC 114 utilizes a standard“methodology to allow this.

To gubmit feedback such (as* proposed changes, corrections and/or improvements tof this
docyment, please send an'email to the TC 114 Chair using the Contact TC 114 Officers fegture
on the IEC TC 114 Dashboard, accessible at www.iec.ch/tc114. On the right side of the
Dashboard under Further information select the link to contact the TC 114 Officers. Or the
subdequent page.find and select the Send Email link for the Chair to access the email tool.

Complete all'the required elements within the email pop-up. For the Subject field please inglude
the document title and edition you are providing feedback for (ex: feedback for TS 626p00-1
ED2). In\the Message field, include text which summarizes your feedback and note if fufther
infomation can be made available (note attachments are not allowed). The Chair may request
added information as needed before forwarding the submission to the remaining TC 114
Officers for review and then to the appropriate Working Group for their consideration.
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MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

Part 100: Electricity producing wave energy converters —
Power performance assessment

1 cope

Wave Energy Converters (WEC) are designed to operate efficiently at different.locat

ons.

Systematic methods are used to evaluate the power performance of a WEC at a second location

(herginafter Location 2) based on power performance assessment at a first location-(herein
Locgtion 1). The degree of similarity of the measured WEC (WEC 1) and“the meto
conditions at Location 1 to the secondary WEC (WEC 2) at Location:2 determine
methodology and the applicability of this document.

after
cean
the

This| document applied in conjunction with the IEC Technical Specification on wave enjergy
resource assessment and characterization (IEC TS 62600-101); provides a method| for

estirpation of the mean annual energy production of a WEG;,,'assessing the electrical p

pwer

production performance of a single, non-array, wave energy converter, at Location 2 based on

the performance at Location 1.

The |scope of this document includes:

a) All wave energy converters that produce eléctrical power from wave energy.

b) All sea resource zones (near and offshore;“deep and shallow water).

c) Capture width matrix transposition from one location to another.

d) Uimitation on the changes that are‘allowed to the WEC and the specification of the location.

e) Wave data required at Location 2, as a minimum the requirements found in
I

FC TS 62600-101.
f) Development of the capfure width matrix at Location 2.
g) VYalidation of the capture width matrix at Location 2.

h) Assessment of uncertainties in the derived performance parameters at Location 2.
i) Requirementsi\for the allowable power performance transfer by geometric, kinematic|and
dynamic similarity.
j) Requirements for the allowable incorporation of additional empirical model data.
k) Requirements for the allowable incorporation of additional numerical model data.
I) Thedocument applies to commercial scale wave energy converters that are:
1) compliantly moored.
2) tautly moored.
3) bottom mounted.
4) shore mounted.
The scope of this document does not include:
a) Wave energy converters that produce nonelectrical energy.
b) Resource assessment.
c) Scaled devices in test facilities (tank or scaled sea conditions) where any scaling would be

carried out to extrapolate results for a full-scale device.

d) Power quality issues.
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e) Environmental issues.
f) Operation and maintenance.
g) Annual energy production (AEP).

This document provides a systematic method which includes:

e measurement of WEC capture width in a range of sea states.
e transposition of capture width from one location to a second location.

e an agreed framework for reporting the results of capture width and wave measurements.

o dstimate of the capture width of a modified WEC at Location 2. This work would includé the
development of parameters for the modified WEC for the second location.

This|document provides:

uidance on the use of observations from Location 1.

[ ]
(@)

e methods for assessing and reporting the validity of numerical and physical models.

mits on the permissible changes to the WEC between Locations t-and 2.
e Imits on the use of data fitting techniques, and

e requirements for reporting.

The wave power industry is at an early stage of development, There is little practical experi¢nce

with|field-scale WECs deployment. Because of this, the present document will be subjeft to
charge as more data is collected and experience with"wave energy converters develops.

2 Normative references

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

IEC 0688, Electrical measuring transducers for converting AC and DC. electrical quantiti¢s to
analpgue or digital signals

IEC 61869-1, Instrument transformers — Part 1: General requirements

IEC 61869-2, AInstrument transformers — Part 2: Additional Requirements for culrent
trangformers

IEC Bp1869-3, Instrument transformers — Part 3: Additional requirements for inductive voltage
trangformers

IEC TS 62600-3, Marine energy — Wave, tidal and other water current converters — Part 3:
Measurement of mechanical loads

IEC TS 62600-101:2015, Marine energy — Wave, tidal and other water current converters —
Part 101: Wave energy resource assessment and characterization

IEC TS 62600-103, Marine energy — Wave, tidal and other water current converters — Part 103:
Guidelines for the early stage development of wave energy converters — Best practices and
recommended procedures for the testing of pre-prototype devices

ISO/IEC Guide 98-1, Uncertainty of measurement — Part 1: Introduction to the expression of
uncertainty in measurement


javascript:doHTTPGetLayer('PrintDetail','21886');
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ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO 8601, Data elements and interchange formats — Information interchange — Representation
of dates and times

ISO 19901-1, Petroleum and natural gas industries — Specific requirements for offshore
structures — Part 1: Metocean design and operating considerations

3 Terms, definitions, symbols, units, and abbreviated terms

3.1 | Terms and definitions
No terms and definitions are listed in this document.
ISOjand IEC maintain terminology databases for use in standardization)at the following
addresses:
e |EC Electropedia: available at https://www.electropedia.org/
e IBO Online browsing platform: available at https://www.iso.org/obp
3.2 | Symbols, units, and abbreviated terms
For the purposes of this document, the following symbo0ls, units, and abbreviated terms listed
in Table 1 apply.
Table 1 — Symbols, units,,and abbreviated terms
$ymbol Definition Units
Ciable total positive sequence line-tg*Jine capacitance of subsea cable farad
Ci group velocity at frequepcy component i m/s
Cpi phase velocity at frequency component i m/s
f frequency Hz
Jo peak frequency
i frequency at component i Hz
Ji frequency spacing Hz
directional spreading function
G(6.p +7 1/rad
NOTE 1 [ "G(6,f)xdo =1
-
h water depth m
mo spectral estimate of significant wave m
s significant wave height m
1 ieas Line RMS current A
J Omni-directional wave power per unit width W/m
A J maximum omni-directional wave power per unit width W/m
v J minimum omni-directional wave power per unit width W/m
j average omni-directional wave power per unit width W/m
k; wave number at frequency component i 1/m



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=3f0fc2bbb4848ecccc3c41440c7848c8

-12 - IEC TS 62600-100:2024 © |IEC 2024

Symbol Definition Units
cw capture width m
A CW maximum capture width m
v CW minimum capture width m
Ccw average capture width m
CWmodeLi model capture width for it" bin m
CW easured.i measured capture width for it" bin m
CWerr error capture width for i bin m
M number of data sets in a bin -
my frequency n'" order moments of the variance spectrum Hz"
n number of records -
number of bins -
P; measured power output per bin w
Py hydraulic power input W
Povs absorbed power W
P measured real electrical power output w
Ppto power loss (dissipated) in the PTO w
PE oas power factor -
Proas real or active power W
Pgenwec power generated by WEC W
Poss cable power loss component w
PTO power take off
Omeas reactive power VAR
R oble total positive sequence resistance of subsea cable Q
m?2
S variances«déensity -
Hz
m?2
SN Variance density as function of frequency i
Hz
spectral density at WEC m?2
(wec —
equals T(f,t,0,h,...)x S(f) ymi Hz
m?2
SOwmi spectral density at WMI 2
Hz
S(/. 0) Directional wave energy spectral density m2
’ S(f)xG@, f
(/) G(0./) o—
SCF.0) Directional wave energy spectral density m?
’ WEC g :
S(f)x G(0, f)at WEC Hy - rad
Directional wave energy spectral density m?
SUL Owm

S(f)x G(6, f) at WMI
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Symbol Definition Units
2
S variance density over the i'" discrete frequency m
Hz

Sij variance density of the i" discrete frequency and ;! discrete direction m2/Hz/rad

o standard deviation -

t time lag or shift between the WMI and the WEC s

T operational hours per record h

Variance density spatial transfer model, for correction of the spectral density
measured at the WMI to the WEC
T 1, 6, h,...) i,
NOTE 2 not all the variables are listed. the transfer model dependencies will
be specific to each test site.

T, energy period (also written as 7_,,) s
Af,- frequency width of the variance density of the it discrete frequency Hz
A6) angular width of the variance density of the ji" discrete direction rad

U line-to-line voltage \%
meas line-to-line RMS voltage

e V1o WEC side positive sequence voltage

Ho2> Vpa- shore side positive voltage \Y
WEC wave energy converter
WMI wave measurement instrument
X able total positive sequence reactance of subsea cable Q

p fluid density kg/m?®

6 wave direction rad

A wavelength m

) phase angle Degreeg®

voltage phase @ngle Degreeg®
current phasé angle Degreeg®
Moto power take off efficiency -
CF(X) Centre’frequency fraction of errors that lie within the limits of £+ X % %
4 Bequence of work
Figure T shows the sequence of work Tor the assessment as described In this document. The

pre-test sections shall be conducted prior to the testing period. Following the testing period, the
post-test sections shall be conducted.
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5

5.1

Pre-test Test site characterisation

Y

Methodology
Testing
period Measurement and data Wave energy converter
collection for wave data power capture measurement
measurement
Y

Determination of capture width matrix

Post-test

IEC

Figure 1 — Timeline of assessment

Test site characterisation

General

An gnalysis of the prospective test site shall be undertaken to ensure that it is suitable for p

asse
matr

of bathymetry and metocean parameters and conditionis on the incident wave climate sh

suffi
Instn

Supg

5.2
5.2.1

The

ocesd
influ
Locs

In c3
WE(

5.2.1
AW

Ciently analysed to determine whether a transfer model between the Wave Measure

ument (WMI) and WEC will be required. If‘artransfer model is required, the analysis
ort the development of a suitable transferzmodel.
Measurements
General

boundary of the test site:shall be defined and documented. The main physiographic
nographic features of (the study area shall be identified, especially those features
bnce wave propagation and thus the wave characteristics at the proposed WEC loca
tions and time pefriods of all measurements will be recorded.

ses where a‘wave propagation model is necessary to infer the wave characteristics a

) Wave characterisation

hshall be deployed at the proposed WEC testing location prior to WEC deployme

pwer

ssment of a WEC. The incident wave climate shall be evaluated to ensure the capture Width
ix can be populated. To infer the incident wave power at the location of a WEC, the %:‘ect

Il be
ent
shall

and
that
ftion.

[ the

locationthe test site boundary should be considered the wave propagation model domain.

nt. A

second WMI shall be deployed simultaneously at the proposed post-deployment wave
measurement location. The WMIs shall be deployed for a minimum of 3 months prior to WEC
deployment, and it is recommended the WMIs record data for 12 months prior to WEC
deployment to account for seasonal variations. The frequency of WMI measurements will be at
least once per hour. It is expected that during each measurement the WMI will record data
defining the free surface elevation time series profile, and that this time series data will be at
sufficient temporal resolution to permit subsequent transformation of the data into a frequency
domain representation.

More than one WMI should be used if there is a large variation of wave direction and sea state
due to bathymetric changes near the WEC location.
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The directional wave energy spectrum, S(f,0), shall be calculated from WMI recorded data.

The wave spectra can be recorded in discrete form, but the maximum frequency bin width shall
not exceed 0,015 Hz, and the maximum directional bin width shall not exceed 5 degrees, or
0,088 rad.

From each directional wave energy spectrum record, spectrally derived estimates of the
following parameters shall be derived for use in the determination of the capture width matrix:

a) significant wave height.

b) energy period.

c) M

i) ¢
i d
Parsz

devsd
justi

The
may

5.2.1

Curr
instr]

ave direction.

irectional spread.

pectral width.

jdition to wave parameters mentioned, the following environmental parameters sha
rded:

ater depth including tidal effect.

dal or ocean current speed and direction.

ind speed and direction.

ensity of water.

ccurrence and thickness of ice.

meters from the lists (items a-j) that have not been recorded, and thus not included in

lopment the capture width matrix, shall be identified and the rationale for their excly
ied.

preferred characteristic period is the,energy period, but additional characteristic pel
also be calculated. These include the peak period and the zero up-crossing period.

3 Tidal or ocean currents

wav
am
the U
reco
be e

It is
the

ument. The current speed and direction data shall be measured simultaneously with

ximum of 10 minutes. At least one current speed and direction record will be taken
pper half of the'water column during the deployment period. The primary purpose of cu
rds is to facilitate the development of a model of the area. Tidal and non-tidal currents
stimated and differentiated.

recommended, however, to measure current velocity and directions at different poin
vater-column in order to adequately describe the velocity profile at the site.

| be

the
sion

iods

ents at the test site shall\be recorded and documented through a current measurefent

the

measurement andtshall extend over a minimum of 30 days. The sampling period shall be

from
rent
shall

ts of

5.2.4 Tidal elevation

Tidal heights shall be recorded at the test site. The measurements shall extend over at least

30d

ays and shall be analysed to estimate tidal ranges.

5.2.5 Bathymetric survey

The boundary of the test site shall be defined and documented as in IEC TS 62600-101. A
bathymetric survey of the area shall be undertaken and documented. The resolution of the
bathymetric survey shall be as necessary to support the wave spatial transfer model, see 5.2.7.

The

survey should provide the details on the bottom profile.
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5.2.6 Wind speeds
The wind speed shall be recorded as in IEC TS 62600-101.

5.2.7 Calculation of wave spatial transfer model

The sea state at the location of the WMI shall be representative of the sea state at the location
of the WEC. If the difference between the wave power at the WMI and the WEC — as determined
by the deployment of a minimum of two WMIs, one at the wave measurement location and one
at the WEC location — is less than 10,0 % for 90,0 % of the records then it can be assumed that
the wave field is statistically equivalent.

NOT It is expected that this will be the case for a well-chosen deep-water test site.

If th¢ condition is not met, then a spatial transfer model shall be generated and validated.[The
spatjal transfer model can either be an existing modelling program or a custom moddlling
program. The modelling program shall be validated. The accuracy of the,model shall be
detefmined as shown in Annex D.

5.2.8 Modelling of the test site

The [spatial transfer model shall predict the spectrum at the WEC based on the spectrum af the
WMI[. The test site should be modelled to assist in the developmeht of a spatial transfer m¢del.
The spatial transfer model shall be acceptable if it predicts the‘€nergy flux at the WEC to wjithin
10,0] % of the measured wave energy flux for 90,0 % of theydata recorded according to 5.2.2.

NOTH The spatial transfer model would generally be in the form:

S(f.Owec =T(f,68h,...) < S(f,0) (1)

6 Methodology

6.1 General

This|document governs the methodology for measurement, analysis and presentation of [data
to agsess the power performance of an electricity generating WEC.

The [sea state incident at the WEC shall be measured to the accuracy specified in Clauge 7.
The [sea stateymeasurements shall be analysed to give the parameters for each sample
sufficient to describe the sea state as specified in Clause 7.

The |eléctrical power production at the WEC shall be measured to the accuracy specifigd in
Clause.8. The electrical power production measurements shall be analysed to give| the
parameters for each sample sufficient to describe the electrical power production as specified
in Clause 8.

A capture width matrix shall be compiled as specified in Clause 9 which compares the
parameters of the sea state samples and the electrical power production samples (see Figure 2).
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Sea state Electrical power Measurement
measurement measurement description

Y

Electrical power Meta data
parameters header

Sea state
parameters

Y

Aggregated data _ Performance
records o database
Y
Capture width

IEC
Figure 2 — Data flow diagram

Sample duration

parameters describing the sea state and electrical~power production for each sample
bcorded as specified in Clause 7 and Clause®g. The minimum sample duration sha

Sample duration will affect the accuracy of the‘measurement. A short sampling duration can result
Characterisation of the sea state.

Simultaneity

de correlation between seatstate and WEC output power. WMI and WEC data sha
hronized so that the sea-state incident at the WEC can be correlated with WMI recorg

spatial transfer-model shall be used to correct any time delay between the measure
h at the WMb-and the location of the WEC. The correction for the time delay will not g
imultaneity of the measurements.

Data recording

shall
| be

n the

measurements from a WMI and“WEC power output shall be measured at the same time to

| be
s. It

commended that WMI data be recorded simultaneously with WEC power data for a minimmum
of one half of the sample duration.

ents
fect

6.4.

Amount of data to be recorded

The minimum amount of data recorded shall be based on the design operating envelope of

inter

est. This shall define the amount of testing that is required to develop a power matrix.

The minimum testing duration shall be six months and be representative of the deployment
location.

NOTE Spectral shape can vary with seasons leading to variations in the capture width matrix.
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6.4.2 Data format and retaining

The data shall provide a record of sea state and electrical power production over time. Each
aggregated data record shall be date and time stamped using ISO 8601. The records shall be
annotated with quality control flags giving the results of the quality control checks carried out
during the recording and analysis path. The records shall be convertible to a human readable
format with a descriptive header for each data record.

7 Measurement and data collection for wave data

71 General

The [purpose of Clause 8 is to specify the wave and environmental data required to_produce a
capture width matrix for a WEC. Clause 8 provides the methodology for analysing/the wave
datal in order to characterise the environmental conditions. The minimum sample frequency
shal| be 1,0 Hz.

7.2 | WMI calibration
7.2.1 General

The [WMI shall be verified by the vendor through a factory acceptance test. This shall indude
at a [minimum:

a) Any operating limitation of the WMI.

b) Calibration of the WMI accuracy over the operating range.
c) Uast calibration date and calibration interval ofithe WMI.
d) The calibration method.

e) The type of data that is output by the WNI.

7.2.2 General
The [post deployment WMI location.er locations shall be selected to:

a) Best represent the sea state’at the WEC deployment location.
b) Minimize the WMI's impact on the waves at the WEC location.

c) Minimize the WEGC's\impact on the waves at the WMI location.

The |effects of reflection, radiation, diffraction, and shadowing of the wave field shall be
condidered whenvassessing impacts.

7.2.3 Direct measurement

Diregctumeasurement can be used if the site investigations as specified in Clause 5 haveg not
revealed any significant variations in the sea states between the WEC and WMI. The WMI data
will be representative of the sea state at the WEC. The WMI and WEC data can be processed
and analysed directly.

7.2.4 Measurements with spatial transfer model

A spatial transfer model, as described in 5.2.7 and 5.2.8, shall be used to account for the
changes occurring between the position of the WMI and the WEC. The spatial transfer function
will provide the sea state data to be analysed with the WEC data.


https://iecnorm.com/api/?name=3f0fc2bbb4848ecccc3c41440c7848c8

IEC TS 62600-100:2024 © IEC 2024 - 19 -

7.2.5 Correction for WEC interference

The WMI shall be positioned to minimize the amount of interference from the WEC. A model
shall be developed to estimate the waves induced by the WMI and the WEC from radiation and
diffraction. The WMI shall be placed in a location where the effect of the radiated and diffracted
waves from either body has less than 2 % to 3 % effect on the wave energy at each location.

7.3

Metocean data

It is recommended to measure and record all relevant parameters believed to have an influence
on power production. Since there are several factors that can affect the WEC power production,

dep nding on Its type, awareness Or any correlation between power production and a Sp€

par
mini
and
and

Othe
ber
repo
calc

meter should be sought and reported. A listing of the parameters is included in 5.2y2:
mum requirement, the significant wave height estimate H,,y, the wave energy-périog

the wave energy flux per unit width J shall be calculated using the measured .wave
reported.

r parameters that have a significant effect on the power production gf\the WEC shall
pcorded and calculated. The calculation of any additional parameters,shall be defined
rted in sufficient detail to allow for repeatability (see Annex.C)! The accuracy off
ilated parameters shall be given, according to the uncertainty estimation define

ISOJIEC Guide 98-1 and ISO/IEC Guide 98-3.

Dire

Ctly measured parameters will be expressed with indication of absolute error. Specificat

on the type, location, calibration, and accuracy of the measurement instrument shall be gi

7.4

Way|
elev

b)

QA _—h T —~ T = O .0 3.7

~

Procedure for the calculation of derived parameters

e data shall be described by wave spectra*which provides information on how the V
ption variance is distributed with frequency.

heasurement instrument and sampling rate. The spectral frequency range used
alculation should be between',033 Hz and 0,50 Hz with the number of frequency
etermined from data analysis: Frequency bin width should not exceed 0,015 Hz.

he frequencies shall be,'defined using either a geometric progression where the
etween two adjacent frequencies is constant, or a fixed frequency spacing. In either
he maximum frequency bin width shall not exceed 0,015 Hz.

Currents can have-a significant effect on wave and power parameters due to Doppler
Refer to ISO_19901-1 for the correction procedure. If the ratio of intrinsic to apparent
fequency 4dsbetween 0,9 and 1,1, corrections are not required. Any corrections
pparent tointrinsic wave shall be clearly noted.

requency moments of the variance spectrum m,. The moments of the spectrum

cific
As a
| T,
data

also
and
the
by

ions
en.

vave

requency f;: A range of frequencies;will be selected for spectral analysis depending on the

for
bins

ratio
case

Shift.
vave
from

from

=1 and n = 0 shall be calculated from

m, = th nSiAfi
i

NOTE 1 Formula (2) is the discrete approximation of the following: m, = fS(f)f"df

d) The spectral significant wave height estimate H,,, is defined as:

HmO = 4\/%

(2)

3)
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m_4
Te = T,10 = (4)
My
f) The wave energy flux per unit width J (omnidirectional) is defined as:
J = pg) ey :SyMAG; (5)
Lj
Where
d is the gravitation constant equal to 9,8 m/s2.
NOTE 2 Formula (5) is the discrete approximation of the following: J = ngS(f)cg(f)df
g) The group velocity is defined as:
1 1+ 2k;h 5
C .= —C.,.; —_—t
gt M sinh(2kl-h) ©)
The phase velocity is defined as:
i | Etanh(k;h) (7)
§2i) ki i
Where
R is the wave number at frequency component ;.
NOTE 3 In deep water)conditions, where deep water is defined as a water depth to wave length ratio gfeater
than 0,5, Formula (5) simplifies to:
sz 2
J= H, o*T (8)
64r "0 ¢

NOTE 4 The directionality of the sea state is important when the WEC is directionally sensitive. The Metocean
data will be recorded as a parameter. The directionality of the waves can be described as a mean direction and

a parameter representing the spreading.
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8 WEC power output measurements

8.1 WEC electrical output terminals

In the case of an AC grid-connected WEC its output terminals shall be at the point where the
output power is in the form of AC at the network voltage and frequency.

In the case of a non-grid connected WEC, its output terminals shall be at the point where the
power is connected directly to the load. The output power shall be in the form of AC at a

commonly used network frequency (e.g. 50 Hz, 60 Hz), and at a commonly used grid connection
volta ge level (p g 400\ 6 6 k\/) These details shall he r‘Ipany stated

The joutput terminal point shall be clearly stated.

8.2 | Power measurement point

The jpower measurement point should be at the electrical output terminalsof.the WEC.

Wheln this is not possible the power measurement point shall be at a point where other effects
(such as losses due to cables or other electrical components) between the measurement point
and the output terminals may be determined. In this case the methodology for these correcfions
shal| be fully detailed. Power loss correction is only permitted for transmission equipment|that
is rsEquired for measuring the electrical power at the WEC output terminal. The power

meapurement point shall be clearly stated. In the case where the power measurement point
diffefs from the output terminals the justification shall be’ made.

NOTH 1 Annex B contains a method for cable loss compensation where the measurement point is located on ghore.

NOTH 2 DC power transmission is not included in this document.
8.3 | Power measurements
8.3.1 General

The |net electric power of the WEC shall be measured, inclusive of any reduction due to sygstem
enerngising power and necessary ancillary loads on board the WEC. The power shall be recofded
withja minimum sample frequency of 2 Hz, the power signal having been subjected to a suifable
antiqaliasing filter.

The |mean, standard déviation, maximum and minimum of the digitized values which occpr in
each sample shalkbe recorded.

8.3.2 Limitations on power production

In the<case of an AC grid connected WEC, an assessment shall be made of any potential
limitatiohs imposed on WEC power export capacity due to the grid connection. Thesefcan
include the capacity of the connection itself or the requirement for significant reactive power
export, resulting in constraints on the WEC power output under certain conditions. In the case
where such constraints can occur, a method to identify when the WEC is operating under
constrained output power conditions shall be put in place. Output power data gathered during
these conditions shall be identified and may be excluded for use in the power performance
matrix.

It is recommended that an external dump load be installed in order to eliminate the WEC power
output constraint.
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8.4 Instruments and calibration

The net electric power of the WEC shall be measured using a power measurement device such
as a transducer and be based upon measurements of current and voltage on a minimum of two
phases.

Electrical transducers and the power measurement device used in the electrical measurements
should be accuracy class 1,0 or better, should be calibrated to traceable standards and shall
meet the requirements of the following standards:

e power transducers: IEC 60688.

e (durrent transformers: IEC 61869-2 and IEC 61869-1.

e \oltage transformers: IEC 61869-3 and IEC 61869-1.

The joperating range of the power measurement device shall be sufficient to inclode all poditive
pealis corresponding to net generation and all negative peaks corresponding, to net impqrted
power. As a guide, the full-scale working range of the power measurement device|and
trangducers should be at least:

e gxport: 1 % to 200 % of rated power.

e import: —1 % to —-50 % of rated power.
At the low power range of the device's rated capacity, wherée.\the working range of the cufrent
meapurement device does not allow for an accuracy better than £3 %, the power recofded
shoyld be zero. At the low power range where the workihg range of the transducer does 3gllow
for accuracy class 1,0 measurements, their measurgdwalues shall be recorded.

NOTHE It is important that current transformers are specified correctly as they become non-linear for low cufrents
(=5 Y of their range or thereabouts).

9 Petermination of capture width-matrix

9.1 General

The [capture width matrix will.be used to determine the effective operation of the WEC.|The
captjure width matrix shall use/a normalised capture width for each bin. The normalized capture
width shall be calculated using the average value of the capture widths in the bin. The capture
width is determined using the parameters derived in 7.2 and then calculated in 7.4. The capture
width matrix is less/sensitive to the sea-state parameters and thus less affected by the mefthod
of bjns. In this case the capture width matrix should be produced as detailed in 9|2.3,
Formula (9).

NOTH Thewannual energy production (AEP) is estimated in IEC TS 62600-101. The capture widih in
IEC TS 62600-100 is a calculated value. The capture width in IEC TS 62600-101 is calculated using
IEC T|S.62600-100. This allows for a common method to compare predictive to measured capabilities of a WE(.

9.2  Structure of the capture width matrix
9.2.1 Core structure

The normalized capture width matrix shall be constructed by applying the "method of bins" to
the capture widths as in 9.2.3. The bins shall be defined by at least the significant wave height
estimate, H,o and energy period, T,.. The bins for significant wave height shall have a maximum

width of 0,5 m and the bins for the energy period shall have a maximum width of 1,0 s.
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9.2.2 Sub-division of the normalized capture width matrix

Additional indices, such as the mean wave direction or spectral bandwidth, may be added to
the normalized capture width matrix to reduce the variability of capture width in each bin.

NOTE It is advantageous to sub-divide the normalized capture width matrix if by doing so it reduces the variability
of the performance prediction, thereby giving greater confidence in the estimation of WEC energy production.

9.2.3 Calculation of the capture width

The capture width is equal to the net electric power capture divided by the wave power.

P
cw =< (9)

9.2.4 Representation of the capture width per bin

In cases where only significant wave height, H,; and energy period, T are used to defing the

capture width matrix a table can be used to fully represent the capture width matrix. Where
morg indices are used to define the capture width matrix the sighificant wave height and energy
perigod should continue to be used together to organise the/data sets to facilitate usage |with
wave climate scatter diagrams.

Each bin of the capture width matrix shall contain at.least the following information:

a) the average capture width of all the data sets«in*the bin;

b) the standard deviation of the capture widthrof all the data sets in the bin;
c) the maximum capture width of all the data sets in the bin;

d) the minimum capture width of all thé’data sets in the bin;

e) the number of data sets in the hin.

NOTHE It is recognized that some sites can have very different spectra for the same (mean) wave directiop, for
example combining ocean swell withnlocal wind driven seas. Be aware of the limitations of the methodology.

The |Javerage and standard ‘deviation of the capture width for each bin is calculated acconding
to thie formulae:

1 M
CW=HZCW,- (10)

a:\/éz(cw@—ﬁ)z (11)

10 Reporting format

10.1 General

Reporting requirements are described below. All work performed should adhere to the
requirements in this document, and any deviations should be documented as described in 10.8.


https://iecnorm.com/api/?name=3f0fc2bbb4848ecccc3c41440c7848c8

- 24 — IEC TS 62600-100:2024 © |IEC 2024

10.2 WEC description report

The WEC under evaluation shall be described in full. As a minimum, the following parameters

sha

Il be provided:

WEC make, type serial number, production year.

Type of energy capture technology employed and the dimension of the WEC.
dimensions shall include:

— size of floating components, fixed barriers and inter-connecting components.

The

actuators and moving components that transfer the wave motion to the Power Take-Off

(PTO).
iagrams and drawings showing the mooring system, foundation and fixed barriers.

lectrical generator(s) nameplate capacity.

ated voltage, current and frequency of all components including the genération, conve

0

B

Description of the PTO up to the power measurement location, 8.1. This shall include
f

gnd other equipment used to condition the power. A diagram detailing;the PTO system
I

ccount for cable losses as described in 8.2 and Annex A should be’provided in detail.

10.3| WEC test site report

The [WEC test site shall be well defined in accordance with, details described in Clause 4.

s5ite clause shall include as a minimum:

Recording sea state and wave power, 5.2.2, during./both pre-test and testing. The follo
information shall be reported for each testing period per 6.2:
4+ Spectral shape.

+ Wave height (H,g, 7.4).

+ Energy period (T, 7.4).

4+ Wave power per unit width (J, 7.4).

+ Directionality of waves ags.measured (7.4).

1+ Directional frequency spectrum as measured (7.4).

1+ Water depth including tidal variations.

+ Tidal and ocean currents.

4+ Wind velogity-

+ Tempefature.

+ Density of water.

+ Occurrence and thickness of ice.

the
rter,
and

bcation of the measurement point, 8.1, shall be provided. Where applicable, calculatiofns to

The

ving

NOT I'ne ddta Can De presented I eftner narda copy or elecCtronically. Tne data Cah D€ Tormatied tabUla

grap

hically.

ly or

Minimum of one navigation chart, with a coordinate system of the test area with the following

information:

— WEC origin location in latitude, longitude and principal axis. The watch circle wi
included for floating WECs.

— Mooring system drawing showing the anchor location and expected mooring
configuration.

— Drawing of location and profile of the power cable, if applicable.
— Fixed foundation location and orientation.

— Location of wave measurement instrumentation (WMI) both pre-testing and tes
5.2.2.

Il be

line

ting,
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performance or operational periods.

— Reporting the variation from the representative water density used in the calculatio

Reporting of external constraints affecting or having the potential to affect the WEC

ns.

e Minimum of one hydrographical and navigation chart, with the coordinate system identified
of the test area with the following information:

— Shoreline and bottom profile. Unusual underwater obstacles that can affect wave

current motion shall be identified.

— Water depth at Mean Lower Low Water (MLLW) and tables for changes in tide.

and

Currents from both ebb and flood tides. The direction and maximum shall be shown.

Typi
1987
Syst
10.4
Grid

prev
periq

If log

10.5

A de
and
inclu

e (

fda)

e A
o (
g
i
10.6]

A ds
The

Season current shall be shown if applicable.

Ocean currents if applicable.

cal systems are World Geodetic System (WGS) 1984 and North American.Datum (N

em (GIS).

Electrical grid and load report

parameters including frequency, voltage and permitted tolerance shall be provided.
ailing grid conditions limiting or having the potential to limit(the power output during te
d shall be reported.

d banks are used, the parameters of that load bank-shall be reported.

Test equipment report

sensor locations shall be reported. Fotf€ach component the minimum information
de:

beneral description of sensor incldding, name, model number and serial number.
pecification sheet demonstrating ability to meet requirement.

Reporting of all user-definéd’settings.

alibration documentation or certificate of conformance as well as the documentatiq
ompliance to thesmanufacturer recommended procedures. Calibration of WMiIs

ihclude the calibration methodology.

Measurement procedure report

scription_of the measurement procedure, in accordance with Clause 7, shall be provi
procedure report shall include as a minimum:

e R

AD)

. Other systems may be used provided they are recognized Geographical Information

Any
5ting

scription of all test equipment including sensors, Data Acquisition (DAQ), WMI componients

shall

n of
shall

ded.

rocedural steps, test conditions, sampling rate and time-drift considerations

e Correction of WMI measured wave field conditions and wave field at WEC, 7.2.4 and 7.2.5.

e Reporting of date and time (UTC % T) for data acquisition.

¢ Alog book containing details of the testing including as a minimum the results from Annex C
and Annex D shall be appended to the report.

10.7

Presentation of measured data

The information detailing the measured and calculated data shall be presented using the
method of bins, Clause 8. The matrix can be sub-divided to account for wave direction or
spectral bandwidth.

NOTE Additional sub-matrix can be used to account for unique weather conditions such as icing.
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The following information shall be provided:
e Date and time of data acquisition.
o Wave height H,,g, energy period T, and if required wave direction 6 (calculated using 7.4).

e Wave power per unit width (calculated using, 7.4 Formula (5)).
e Measured output power.
e Capture width.

The following minimum matrix information shall be presented:

. umber of data points in each bin.
. aximum capture width.

. inimum capture width.

e Average capture width.

e $tandard deviation.

A sample of the matrix (method of bins) presented is shown in Annex A.

10.8| Deviations from the procedure

Any |deviations from the requirements of this document:shall be clearly documented [in a
sepdrate clause. Each deviation shall be supported with,the technical rational and an estifate
of itg effect on the test results.
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Example production of a normalized capture width matrix

General

— 27 —

Annex A
(informative)

Clause A.2 and Figure A.1 describe the method on how to display empirical WEC data
performance data in a standard format. The data has been generated from simulations of a

hea
mea
indig

A.2

as d

Tabl
formE
wav

€ only point absorber WET and 1S designed to closely match what would be expected from
sured sea test data. The data has been grouped using bins, with Table A.1 to Tablg A.6
ating the bin centres.

Sample data

efined in this document.

Table A.1 — Sample data

A.1 represents an example of an extract of the averaged data gathered in an unprescijibed
t. Wave characteristics from the measurement equipment have been used to calculate the
power for the given H,, and 7,. Power is measured at the output terminals of the \VEC

D ateltime Wind speed | Wind direction | Wave height ::?i‘:)il At:)s:’::fd op::weurt
(m/s) ) (m) (s) (kW) (kW
2012-2-1 0:10 5,114 358,989 0,911 3,323 4,184 1,615
20[12-2-1 0:20 4,534 358,989 0,969 3,389 4,448 1,72
20[12-2-1 0:30 3,912 358,989 0,951 3,393 4,817 1,84
20[12-2-1 0:40 3,382 358,989 0,905 3,308 4,074 1,738
20[12-2-1 0:50 3,673 358,989 0,878 3,416 3,900 0,79
20[12-2-1 1:00 4,538 358,989 0,848 3,274 3,264 1,11
2012-2-1 1:10 4,802 358,989 0,889 3,330 4,475 1,57
20[12-2-1 1:20 4,706 358,989 0,839 3,234 3,349 1,196
20[12-2-1 1:30 4,460 358,989 0,807 3,408 3,316 1,214
20[12-2-1 1:40 4,399 358,989 0,801 3,284 3,302 1,287
20[12-2-1.1.50 3,978 358,989 0,785 3,214 2,913 0,89
20[12-2-4-2:00 3,860 358,989 0,758 3,259 2,544 0,82
204224249 3-890 3587989 O FFF 3238 2-856 694
2012-2-1 2:20 3,928 358,989 0,827 3,286 3,196 1,043
2012-2-1 2:30 4,366 358,989 0,863 3,386 3,385 1,181
2012-2-1 2:40 4,447 358,989 0,782 3,190 3,022 0,808
2012-2-1 2:50 3,986 358,989 0,793 3,123 3,241 1,083
2012-2-1 3:00 4,202 358,989 0,734 3,115 2,539 0,737
2012-2-1 3:10 4,299 358,989 0,718 3,204 2,248 0,475

The full range of data measured as it occurred during the measurement period is shown in
Figure A.1. This plot shows the variation in electrical power output over a range of H,, and T..
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Figure A.1 — Power scatter

It is pecessary to reduce this large data set to the standard discretisation. The bin sizes chpsen
are 0,5 m for H,,o and 1 s for 7, as defined by 9.2.4. The tables which follow display the vjalue

of the bin centre, e.g. all data within the interval of 8,5 s to 9,5 s, is displayed in the 9 s|bin.
The [same method is used for the H, o values:

The [capture width for each of the data’samples is calculated on the basis of the measured
power and the wave energy flux, separated into the different bins and averaged over each| bin.
Table A.2 shows the average capture width for each bin. Empty bins indicate no measuremients
werg recorded for that combination of H,,q and T,.
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Annex B
(normative)

Method for power loss compensation where
the measurement point is located on shore

B.1 Single-line diagram

A single-line diagram of a typical grid connected WEC system is indicated in Figure B.1.

Preferred

Preferred ) locatien
location Onshore equipment

Offshore WEC /

/(_3\ /T\ :Compensation: T
\—~/ Subsea cable  |-4]---- | equipment |

bnerating Step-up Metering
edquipment  transformer equipment

: S ! Metering
: equipment Electri
| grid

@

ty

: compensation |
| equipment :

IEC
Figure B.1 — Location options:for metering equipment

Ideally, power output should be measured at\the output terminals of the WEC. This is refgrred
to ap the "Preferred Location" in Figure B:1. If the metering equipment is located on| the
gengrator side of the WEC step-up transfoermer, this shall be noted.

Some WECs use either energy stoerage or compensation equipment, or both, that are extImaI
to the WEC itself but shall be~considered as a part of it for the purposes of performance
ssment. Typical locatjons™ for such equipment are indicated with broken lines. |The
bensation equipment may be installed in series or shunt with the power flow, and auxiliary
gy storage equipmeht is typically installed in a shunt configuration. In such situations, ppr in
tions where poweér"measurement is only possible shore side, the WEC power should be
ured at the output terminals of the compensation equipment wherever it is situated, pr at
the shore stationtincoming bus bars, where no compensation equipment is present. Thjis is
refefred to as{the "alternative location" in Figure B.1. In this case, losses due to cables|and

A methodelogyforlessesincurredinasingleconnectioncableisprovidedinthene ection.
If the connection equipment between the WEC system and the compensation equipment is more
complex than this, the methodology for the power loss corrections should be fully explained in
the file header and accompanied by supporting documentation as necessary.


https://iecnorm.com/api/?name=3f0fc2bbb4848ecccc3c41440c7848c8

- 34 - IEC TS 62600-100:2024 © |IEC 2024

B.2 Cable loss compensation

If the metering equipment is installed in the "alternative location" as illustrated in Figure B.1,
then the losses in the cable shall be added to the power readings in order to give a realistic
assessment of the performance of the WEC system. For loss purposes, the cable is modelled
in positive sequence as shown in Figure B.2. R g p1e» Xcapler @Nd Coaple represent the total

positive sequence resistance, reactance, and line-to-line capacitance of the cable. These are
usually provided by manufacturers on a per km basis and shall be multiplied up by the cable
length in km in order to yield the relevant total impedance values. The cable resistance will
generally be determmed from the AC re5|stance per km values provided by the manufacturer
Skineffect can be taken intcaccol . A devic Itput
ent is ava|lable Thls is generally of negI|g|bIe |mpact since harmonlc fllters at the outp
power conversion equipment are designed to reduce the harmonic current components.on the
grid |side to very small levels. These levels are regulated by the appropriate power qyality
stanfdards in accordance with IEC 61000-3 (all parts).

Rcable Xcable
1 Y Y N
Vp1+ | | Vp2+
Ceabler2 —— Coawierr ——
Vorl- | | Vo2-

IEC

Figure B.2 — Positive sequence cable model

If a humber of cables are connected in parallel between the offshore WEC system (or afray)
and the shore side metering station, thesstandard circuit theory should be used to derivg the
equifalent-1 circuit of the combination.of cables.

In ofder to measure the power performance and determine cable losses, one of the folloing
sets|of measurements shall be Mmade (utilising the instrumentation outlined in the next sectjon):

a) lne-to-line RMS voltage (Up,¢4s), line RMS current (1,,,.,5), @and the phase angle of each| (¢,
d;) relative to a comimon reference signal or relative to each other.

b) Ilne-to-line RMS voltage, line RMS current and power factor (PF ,gas)-
c) real power{(Py,cas) reactive power (Q,045), and line-to-line RMS voltage.

d) the output’of the WEC system (PgenWEC) is then estimated by the following formula:

HUII‘VAV’EC = FI)IICGD + P:Ubb \B.1)

where the measured real power is given directly by the power transducer or by appropriate
combination of voltage, current, and power factor or phase angle, and where the cable loss
component P, . is given by:

0 Ceaplel)

2 2
. . wC, U,
Ross = sli[lmeasCOS(DI - > meas Sln(ij +(lmeas sing; +- Cab'; meas COS(HVJ ]Rcable (B.2)
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In the case of voltage, current and phase angle or power factor measurements, the factor o is
the electrical radian frequency and is equal to 2= times the electrical system frequency in Hz.

In the case where real and reactive power measurements are obtained, the current
measurement and phase angles can be derived as follows:

2 2
P
[meas :\/ meas +er;eas (B.3)
3Umeas
-0 _ t Qmeas
Oy = @ =arctan—— B.4)

meas

and [substituted into the previous formula for calculating P,.s. An. @ssumption in these
calculations is that the system voltages and currents are balanced. Eyen in the presenge of
limited unbalance in the system, as permitted by the relevant national-grid code, these formlulae
are s$ufficient to estimate the cable loss compensation.
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Annex C
(normative)

Evaluation of uncertainty

General

The specification of the WEC power performance shall include an estimate of its uncertainty.

The

Follg
cate
are

devi

Cc.2

The
and

estimate shall be based on ISO/IEC Guide 98-1 and ISO/IEC Guide 98-3.

bstimated by other means. For both categories, uncertainties are expressed as stan
btions, and are denoted as standard uncertainties.

Uncertainty analysis

measurands for the uncertainty analysis are the power matrix,.determined by the meas
normalised values of electrical power production and sea-state parameters, and

estirhated annual energy production. As a minimum the sighificant wave height and en

periq

uncgrtainties in these measurands by means of sensitivity(factors.

Tabl

uncertainty analysis.

Table C.1 - List of‘iincertainty components

wing ISO/IEC Guide 98-1 and ISO/IEC Guide 98-3, there are two types of uncertejinty:
gory A, the magnitude of which can be deduced from measurements, and categony-B, which

dard

ured
the

ergy

d shall be considered as measurands. Uncertainties<dnsmeasurements are convertgd to

e C.1 contains a minimum list of uncertainty <components that shall be included in the

Megsured/model parameter Uncertainty component Uncertainty
category 2
Signjificant wave height Wave measuring instrument and model calibration B
Influence of moorings or other local effects on WMI B
Data acquisition system (e.g. sampling rate, windowing) B
Directional spectral analysis B
Variability of significant wave height A
Enefgy period Wave measuring instrument and model calibration B
Influence of moorings or other local effects on WMI B
Data acquisition system (e.g. sampling rate, windowing) B
Directional spectral analysis B
Strength of currents B
Variability of energy period A
Wave power density Water depth A/B
Water density A/B
Electrical power Current transformers B
Voltage transformers B
Power transducer or power measurement device B
Data acquisition system B
Variability of electrical power A

2 according to ISO/IEC Guide 98-1 and ISO/IEC Guide 98-3.
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Where category A uncertainties are used the measurement and analysis methods shall be
described. Where category B uncertainties are used the means by which the standard deviation
has been determined shall be described.

NOTE The production of the power matrix implicitly assumes that the electrical power production is completely
defined by the sea-state parameters used in the power matrix.

In general this is not the case. Other sea-state parameters will influence the power production but presently there is
a lack of knowledge to determine what these parameters are and how they can be accounted for accurately in the
power matrix.

The result is that the uncertainty is not associated with the measurement, but in the specification of the appropriate
sea-state—parameters—a—generah—this—urcertairty—can—be—expectedtobe—greateras—thedifferenrce—r—eondjtions

g ety oo H

betwgen those used to produce the power matrix and those in which the power matrix is used increases.
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D.1

The

models to transfer measured wave parameters in one location to estimate wave paramete

ano
par

Anng

parameters at a specific location.

D.2

D.2.
The
a) |
b) I
c) A
d) |
e) I
D.2.

Erro
refer

is the error‘of one sample record;

is the-predicted value for sample record;

- 38 - IEC TS 62600-100:2024 © |IEC 2024

Annex D
(normative)

Error analysis of the wave spatial transfer model

General

term "spatial transfer model" in this document refers to the use of analytical or nume

OCalloO d d OW d d dld 0 O O e ocatlior O c
meters. It is possible that a spatial transfer model is not necessary, see 5.2.5.

X D covers a procedure for validation of a spatial transfer model for prediction of

Overview

( Validation procedure
validation involves the following steps:

dentify data for validation which hasn't been used for construction of the transfer mod
dentify the specific parameters for validation.

A\pply the transfer model to known measured data.

leasure performance of the transfer modeltas detailed in this Annex D.

p Validation technique
r (e) is defined as: The predicted value (p) of a parameter or variable minus the meas

ence value (r) of a parameter.

€ Z(Pi—’”i)

e

Determine the suitability of the model bycealculating the centre frequency fraction (CF).

rical
rs in
ured

vave

ured

D.1)

i$ the recorded value for the sample record;

i is the sequential numerical identifier of an individual data point in a series of data.

Erro

r percentage is defined as:

e = x100 (D.2)
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series mean (SM) or the mean value of a series of data points (y) is defined as:

M=

S
=y

I
-

re

y is the general value in a data set;

N i
i

Roo

The

Vi (D.3)

5 1Ne [otal number OoT data polnts In the series,

5 the sequential numerical identifier of an individual data point in the series y.

Mean Square Error (RMSE) of a data set is defined as:

RMSE = /iiez
NS

standard deviation (SD) of a data set is defined as:

D.4)

D.5)

Comparing the SM of the measured parameters to the parameters generated by the spatial

tran
perf

The
am
calc
trang
perf

Mini

perc
periq

brmance of the spatial transfer‘model.

key statistic for meetingthe performance requirements of this document is the CF whi
pasure of the frequency”’with which errors lie within a specified limit. For example

tfer model shall(be less than 10 % for 9 out of 10 data records to meet the cu
brmance requirements for this document.

mum thresholds for significant wave height and wave period should be set to keep

ds (below 2 s).

sfer model and examining the RMSE and the SD provides an initial indication ofl the

Ilated error between. the measured and estimated parameter generated by the spatial

prror

entages.‘manageable in small significant wave heights (e.g. less than 0,2 m) and ghort
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Annex E
(normative)

Wave energy converter power performance assessment
at a second location using measured assessment data

General

Annex E provides a uniform methodology for estimating and reporting the performance of a
wave energy converter (WEC) at a prospective new deployment location. The performance
estimation methodology is based primarily on observations and measurement results_gathered
durimpg field deployment of the WEC at a primary location with different metocean~condifions
compared to the prospective new location. Further, it is possible that the WEEC, design will
incofporate changes to accommodate the new site conditions. To assess the_performance,

incl

ysion of additional information based on validated numerical and physical models is

spedified. In this document the completed field deployment location is referred to as "Location

1" apd the prospective deployment location is referred to as "Location 2y"

Anngx E provides a methodology for arriving at the capture width matrix for the WE[L at
Locgtion 2 using Clause 10 of this document and IEC TS 62600-101 to arrive at the anhual
energy production (AEP). Other documents in this series (IEC/TS 62600 (all parts)) are dfawn
upon to provide the wave resource and WEC performance information necessary to enablg this

analysis. The methodology involves:

E.2

The [sequence of the work is outlined as follows:

a)
b)

c)

d)

f)
g)

h)

ssessment of the wave resource at Location 1.and’ Location 2.

Q)

gharacterization of the WEC performance at L.ocation 1.

gssessment and compensation for the impact of discrepancies in the metocean condifions
Retween Location 1 and Location 2 on the'WEC performance characterization.

gssessment of the impact of changes to the WEC configuration between Location 1|and
Uocation 2 on the WEC performange characterization.

dqomplementing the performance observations from Location 1 with fit, experimental or
numerically modelled data.

gstimating the capture width matrix based on the composite performance characterization
qf the WEC.

Sequence ‘of work

Describe the WEC technology.

AsseSs and characterize wave resource at Location 1 and Location 2 ysing
IEC TS 62600-101.

Get the capture width matrix from WEC power capture data at Location 1 per Clause 9 of
this document.

Evaluate the appropriate dimensionality of the capture width matrix from Location 1 for
Location 2 and complement the capture width matrix from Location 1 to cover the range of
metocean conditions at Location 2 using numerical or experimental data.

Validate the model against measured data from Location 1.
Specify changes to the WEC to accommodate the new metocean conditions.

Evaluate the impact of changes to the capture width of each bin using validated numerical
model data incorporating the parameters in question. If the capture width in a bin is changed
by more than 10 % it shall be filled using physical or numerical modelled data.

Perform quality assurance on capture width matrix for application at Location 2.
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i) Calculate AEP at Location 2 using the complemented capture width matrix and Location 2
resource data.

j) Report separately the AEP at Location 2 contributed by the cells of the power matrix that
are based on either:

1

) measured data at Location 1, or;

2) interpolation or extrapolation from measured data, or;
3) modelled data.
k) Estimate the uncertainty related to the AEP calculated at Location 2.

he calculation of the AEP shall bhe in accordance with IEC TS 62600-101

Anngé
sequ

E.3

This

bX F provides a detailed illustration of the concepts and calculations in each step,in
ence of work.

Limitations of this annex

specification allows for changes to the WEC when moved from Location 1 to Location

the

2in

ordefr to accommodate the new metocean conditions. Changes to the“WEC should be clg¢arly

sped
moo

E.4

The
Locs

e (
o (
e |
e H

N

E.5

E.5.

ified and may include: dimensions, geometry, power take off -system, control logic
Fings system. Allowable changes and procedures are specified in Clause E.8.

Description of wave energy conversion (WEC) technology

wave energy converter WEC 1 deployed at Location 1 and the WEC 2 to be deployd
tion 2 shall both be described in terms of:
Dperational principle.

beometry and dimensions.

lass properties.

TO system.

flooring arrangement.

Assess and characterize wave resource related to Location 1 and
Location 2

| General

Simi
WE

locations under consideration.

ar to 6.4 of IEC TS 62600-101:2015, a site description shall be prepared for each of

A 1ot + (e
E.5.‘ ATVICTIU COTTuUIon

and

d at

the

For each location this description should include a chart, geographic coordinates, the water

dept

h as well as general description of the following:

e The shoreline geography and bathymetry.

e The prevailing wave and wind conditions.

e Typical tidal range and currents.
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E.5.3 Wave resource at Location 1 and Location 2

A description of the wave resource at Location 1 and Location 2 shall be provided and include:

o Directional rose plots.

e Scatter tables and plots.

o Exceedance and persistence.

o Joint probability analysis.

E.6

Cap

—WEC power capture dataatlocation4+——

ure width data from Clause 10 of this document shall be applied to IEC TS 62600<1(

detel'mine the WEC electrical power performance at Location 1. The measured-WEC p

prod
and

NOTH Clause G.2 provides the location for the measurement of absorbed power and PTQlefficiency matrices.

The
shal

E.7

E.7.

report the Electrical power matrix.

be preserved for further analyses.

WEC model validation

| General

Either a numerical or physical model, or both, ,can'be required to satisfy the requiremen

this

Hocument. The validity of each model shall be assessed by comparison of the results

obsérvations from WEC 1 at Location 1. Spegcific requirements for the comparison are giv
the fpllowing subclauses. IEC TS 62600-103'will be used for guidance for WEC model valid

NOTH These are the minimum requirementsifor communication of the level of validity of either the physi
numefrical models, or both. At this stage, it is)left to the users and analysts of the documentation to judge the v
of thg physical or numerical model from the’difference between modelled and observed performance.

E.7.

D Bin selection

At minimum, 10 bins «©of\the capture width matrix, covering the range of occurrence
Locagtion 1, shall be selected for validation. The bin selection process shall be documented

justi
diffe

ied. For each of the selected bins, a minimum of three model runs shall be performed u

docymented,

Each madel run shall use as input either: observed wave conditions from Location 1, or V
conditigns representative of the capture width matrix bin being simulated. The wave condit

1 to
bwer

uction records along with the concurrent wave measurements should be used-to calculate

measured WEC power production records along with the concdrrent wave measuremlents

ts of
with
nin
tion.

al or
alidity

s at
and
sing

rent random-wdve seeds. The number of models runs used in each validation bin shall be

vave
ions

used i eacthrmodet Tum stattbedocumented—Where Tepresentative wave conditions—are
the methods for determining those representative conditions shall be documented and justified.

E.7.3 Error per bin

sed

The percent difference between the mean modelled capture width, CW,oq4e;, » @nd mean

observed capture width, CWeasyreq, » in the ith bin shall be calculated and clearly presented for

all b

ins as follows.

100 (CWmOde| — CWeasured,i )
CWmeasured,i

err,i =

(E.1)
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The model capture width shall be from testing as described in IEC TS 62600-103.

NOTE CWerr,[’ CW o odels and CWmeasured,[ can be used to calculate AEPerr, AEP and AEP The AEP

quantities are established per IEC TS 62600-101.

model’ measured”

E.7.4 Accounting for PTO losses

The model shall account for power conversion losses within the PTO system. Where a physical
scale model is used, the power performance shall be quantified in terms of absorbed power.
Then, following the appropriate scaling of absorbed power and wave parameters, the PTO
efficiency shall be applied to estimate electrical power and calculate capture width values. Refer

o P I | 4 PRy l Il DT s
tO A IMTCA O TUT THTUTUUUTUYY U Yudaiitly artd dapply T 1T'U TITIVITTIVY .

E.8| Modifications to the WEC

Modijfications to the WEC and ancillary hardware are permitted. The capture,width data from
deplpyment of WEC1 at Location 1 can only be used to characterize P\WEC2 including
modijfications if it can be shown that these modifications impact on the-power performange of
the device by 10 % or less per bin. If the modifications exceed this limii-in"a bin it shall be filled
using validated numerical methods as outlined in Clause E.7 and Clause E.11. Modificalions
can pe required to the WEC to adapt to Location 2, and shall be documented as follows:

o [Description of the change.
e FRurpose of the change.

e Impact on the performance of the WEC on a bin-by-bin basis.

Modijfications to the WEC cannot be made withouta)validated model as described in Clause|E.7.
The [validated model shall be adapted to accommodate the proposed modification to the WEC.
The [method(s) used for accommodating the-modifications to the WEC in the numerical mjodel
shal| be documented. Changes to the WEC ean include, but are not limited to, the following:

VEC dimensional geometry changes.

ncillary hardware (mooring system, power cable connection, WEC hardware| for

\
e HRTO component design and control law.
/
deployment, etc.).

Each bin of the capture:width matrix, covering the range of occurrences at Location 1, shalll be
selegted to assess, the) impact of the WEC modification. For each of the bins, a minimum of
thre¢ model runs using different random wave seeds shall be performed for the modified WEC.

The [difference between the mean capture width of the unmodified WEC 1 and mean capture
width of thesmodified WEC 2 in each bin shall be presented and evaluated. For the capture
width data’ from deployment of WEC 1 at Location 1 to be used to characterize WEC 2| the
absqglute”difference between the mean capture width values shall be no greater than 10 % per
bin. Any bins that have greater than 10 % ditference shall be populafed using modelled data as
outlined in Clause E.11.
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E.9 Calculate capture width matrix for use at Location 2

E.9.1 Evaluate appropriate dimensionality of the capture width matrix at Location 2

Minimum dimensions of the capture width matrix, as per Clause 10, as including H,,q and T.

The dimensionality of the capture width matrix should be expanded where possible to reduce
the variance of capture width within each bin. In many cases the range of occurrences of
metocean parameters at Location 2 will differ from Location 1. Estimation of performance at
Location 2, requires that the appropriate dimensionality of the capture width matrix shall be re-
evaluated. At minimum, the sensitivity of the WEC shall be investigated to the following
parameters:

. ater depth.

. ave direction.

. pectral shape and directional spreading.
. ater current.

. idal range.

It can be necessary to expand the dimensionality of the capture width matrices to accourt for
any |[parameters (additional to H,y and T,) found to have a-major effect on WEC power

performance. Each of the parameters listed shall be considered-in turn. It shall be shown|that
inclysion of the parameter in question impacts the calculation*of AEP at Location 2 by less than
10 %, otherwise the dimensionality of the capture width matrix shall be increased to account for
that [parameter.

As ah example, suppose a WEC is directionally sensitive and that the wave direction is relat|vely
congtant at Location 1. In this case it can still be*possible to neglect the directionality dimension
wheh constructing the capture width matrix.and calculating AEP at Location 1. However, if the
wave directionality is more variable at Location 2 it can be necessary to include directiorjality
in the capture width matrix to accuratelysestimate the AEP per TS 62600-101 at Location 2.

To test if inclusion of directionality is necessary in this demonstration case, both thg 2D
(Hmg—Te) and 3D (H,,g—T.—X) capture width matrix shall be constructed to cover the range of

wave conditions observed at Lkocation 2 (where X is a placeholder for the parameter currgntly
undgr study). The complementing procedure of Clause E.11 shall be used to fill bins ir] the
capture width matrix for. which there are no supporting observations. The AEP shall be
calctlated using both the 2D and 3D capture width matrix. If the difference between the| two
AEP| calculations is_greater than 10 %, then the additional dimension shall be included in the
capture width matrix at Location 2.

NOTHE The 10 % difference limit on AEP will properly be revised in the future as more experience is gained; curfently
it is the same.magnitude as the variability in the annual average wave energy flux.

E.9.2 Calculate information for each bin of the capture width matrix

Using the performance data from Clause 10 the average capture width matrix shall be
constructed, using the appropriate dimensionality as identified in E.9.1. The following shall be
calculated for each bin in the matrix:

e The average capture width.

e The maximum capture width of all the data records in the bin.

e The minimum capture width of all the data records in the bin.

e The standard deviation of the capture width of all the data records in the bin.

e The number of data records in the bin.

NOTE See Annex F for a detailed example.
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E.10 Quality assurance for cells based on measurements at Location 1

Capture width matrix for use at Location 2 shall be quality checked and empty bins shall be
labelled "undefined". Bins of the capture width matrix shall be labelled "underpopulated" if:

e data is known to be inaccurate.

e there are less than 3 data records in the bin.

The quality assurance methodology shall be documented and justified

NOT

E.11

E.11

The
unde
matn

a) [
b) N
Bins

the
avai

NOTH
E.11

Datz
capt
com
com

NOTEH

NOTH

E.11.

A n
undg

RefertoAmmex Ffor detaitedexampte:

Complement capture width matrix to cover range of conditions at
Location 2

.1 Capture width matrix complementation requirement

capture width matrix may be complemented to estimate the valuefin-underpopulated
fined (empty) bins. The minimum number of data records in each‘bin of the capture v
ix is specified in Clause E.10. The capture width matrix may be"complemented by:
ata fitting (interpolation or extrapolation).

lodel fitting (numerical or physical).

and
idth

with complemented data shall be clearly identifiedy"Where a model is used to complefent

capture width matrix, it shall be validated as pér Clause E.7. Where several methods
able to complement a bin, the method with the.least uncertainty should be used.

See Annex F for an example.
.2 Interpolation or extrapolationof the capture width matrix

fitting using interpolation or extrapolation may be used to populate undefined bins ir

are

the

ure width matrix. Bins populated using data fitting shall be labelled. The data fit shall be

puted based on the .values of observed adjoining bins. Bin populated U
blementation shall not be used to compute the data fit.

1 "Adjacent bins" refers to bins which share a cell side or corner.
2 See Annex Ffor detailed example.
3 Numerical model

LUmerical model may be used to calculate the capture width of the WEC in
rpopulated, undefined bin of the capture width matrix, including those where perform

of W

sing

any
hnce

EC2 differs by more than 10 % from WEC 1. The numerical model can be validated u

sing

the performance data collected at Location 1 as per Clause E.7.

The shape of the wave spectra used in each run should be representative of the range of
spectral shapes observed within the bin.


https://iecnorm.com/api/?name=3f0fc2bbb4848ecccc3c41440c7848c8

— 46 - IEC TS 62600-100:2024 © |IEC 2024

E.11.4 Use of physical model

A physical model may be used to estimate the absorbed power of the WEC in any
underpopulated and undefined bin of the capture width matrix. The physical model testing shall
be based on IEC TS 62600-103.

The physical model shall represent the actual WEC tested at Location 2 according to Froude's
law of similitude. The shape of the wave spectra used in each sea state of the physical test
should be representative of the range of spectral shapes observed within the bins of the scatter

diag

The

WE(

The
effic
labo

docymented and justified.

The

to edtimate electrical power, which can in turn be used to calculate capture width. The comb
It of physical model and PTO characterization shall be\vdlidated using the performance
data|collected at Location 1 as per Clause E.7.

resu

E.12 Calculate AEP at Location 2 using complemented capture width matrix

Usinjg the performance matrix (Clause E.11)'and the Location 2 wave resource data (E.5.3
AEP|shall be calculated using methods described in [IEC TS 62600-101:2015, A.5.

E.13 Assessment of confidence

Some of the uncertainty related to the AEP at Location 2 can be foung

IEC

rams at Location 1 and Location 2.

efficiency of the PTO system shall be characterized and reported (see“Annex G).
ency characterization may be based on observations from WEC operation at Locatiq
ratory tests or a validated numerical model. The method for chatacterizing shal

absorbed power observed during physical model testing is multiplied by the PTO effici

and Location 2 resource data

TS 62600-101:2015, A.573.

absorbed power observed during the physical model tests shall be scaled to repreisent
2 to be deployed Location 2. To estimate electrical power output requires characterization
of the WEC PTO system.

The
ni1,
| be

pNcy
ined

the
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Annex F
(informative)

Example analysis

F.1 General

This annex gives a simplified example of the analysis procedure from Annex E. This example
is intended to demonstrate only the fundamental character of the analysis procedure and omits

many detalls wnich are required In tormal applications or this aocument.

This|example uses for Location 1 field testing data from the Wavestar prototype atrﬁ

™

Ddnish

test pite DanWEC in Hanstholm facing the North Sea. The field testing data-set fr@o ocation 1
is uged to characterize the performance of the prototype, and estimate energy\@oduction at a

secqnd location near Fjaltring, Denmark (Location 2). Q/
Q

wave|data; it is not intended to represent the intentions of Wavestar Energy.

e

F.2| Description of the WEC technology O

a hydraulic cylinder that via a hydraulic system drive
elecfrical grid (see Figure F.1). QQ

NOTHE Location 2 was selected by the authors of this document for demonstration pu@& and based on avajlable

The Wavestar prototype consists of two floats each with a ga\meter of 5 m. Each float activates
lectrical generators connected tq the

Figure F.1 — The Wavestar prototype (diameter of each float is 5 m)

IEC
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The Wavestar prototype has been tested at Hanstholm since 2010. Data covering the period
February 2012 to January 2013 were provided by Wavestar Energy for use in this example.

The geographic coordinates and depth of Locations 1 and 2 are given in Table F.1 and shown
on the map in Figure F.2.

Location 1 measured parametric wave data, provided by Wavestar, are presented in Figure F.2.

Locd
and
Clau

This
or 2
Clau

fion Z wave data from wave measurement buoy 2037 were provided by Aalborg Uni
originally supplied by Kystdirektoratet/The Danish Coastal Authority and are desc[|/

se F.5.

P>

simple example does not provide complete details of the wave resourc ‘at Locatio
Formal applications of this document will require a complete metogan study as
se E.5 and IEC TS 62600-101:2015.

Table F.1 — Locations 1 and 2, basic inforrrajl
A

&

rsity
din

ns 1
per

3

Location Qg)th Duration
(N m
1 Hantsholm, Denmark 57,128714° N, 8,620302° E/ O\ 5,0 Feb 2012 to Jan 2013
2 Fjaltring, Denmark 56,476082° N, 8,058019’°\€S( 17,5 Dec 1991 to Feb 2009

-istiansand

€

NS

- 3 ‘n
(O )‘E\k

IEC

Figure F.2 — Map showing Location 1 Hanstholm and Location 2 Fjatring
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F.4 Assess and characterize wave resource at Location 1

Water surface elevations were measured on board the Wavestar fixed structure using an
ultrasonic sensor. Time-series analysis was performed on each record to calculate the
significant wave height (Hg) and the mean wave period (7,c44). These parameters were
available throughout the 2012 to 2013 data-set provided by Wavestar. Wave data provided by
Wavestar for this example consists of time-stamped H, T, records and a quality flag

mean
indicating the validity of the wave record. Valid H and T,.,, records were converted to H,,

and T, using the location specific relations provided in [1]11.

Wave energy flux was estimated based on the parametric wave height, period values_and the
groulp velocity which was calculated as a function of water depth and wave energy period:

J=%cg(re,h)f1m02 F.1)

The [mean annual wave power resource is 4,4 kW/m. The wave pewer flux matrix is shown in
Figure F.3. In each bin is given:

e The average wave power per bin, J .

e Minimum wave power per bin, AJ .

e Maximum wave power per bin, vJ .

o $tandard deviation of the wave power per by o .

e Number of records in that bin, ».

T Numbers in square brackets refer to the Bibliography.
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Figure F.3 — Location 1 wave energy fl atrix, Hantsholm, Denmark (based on
measured data from Waves@%rototype Feb 2012 — Jan 2013)
F.5| Assess and characterize \Q}%e resource at Location 2
xO
Wave resource data at Location 2 was obtained as wave parameters derived from
meapurements buoy 2031 ( ring, Denmark)2. Wave height and period parameters from this
buoy were provided as significant wave height H, and mean wave period T,,.,, These
parameters were convc@d to H,g and T, using the relations provided in [1]. Wave energy| flux
was |derived from Hgy-and T, using Formula (1) found in [1].
A summary o Qwave climate at Location 2 is presented as a wave energy flux matrix sHown
in Figure F e mean annual wave energy flux is 7,8 kW/m.
N

2 parametric wave data from buoy 2031 were provided by Aalborg University, who received the data from the
Kystdirektoratet/The Danish Coastal Authority.
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