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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Power performance assessment

FOREWORD

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

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internationpl
consensus of opinion on the relevant subjects since each technical c¢ommittee has representation from all
interested IEC National Committees.

T

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in théirnational and regional publications. Any divergence betwed
any IEC Publication and the corresponding natiopal or regional publication shall be clearly indicated in the lattq

A |

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

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

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

OasSa

Attention is drawn/to‘the Normative references cited in this publication. Use of the referenced publications |is
indispensable forthe’correct application of this publication.

IEC draws attention to the possibility that the implementation of this document may involve the use of (
patent(s). /EC.takes no position concerning the evidence, validity or applicability of any claimed patent rights
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whi
may be required to implement this document. However, implementers are cautioned that this may not represe
theslatest information, which may be obtained from the patent database available at https://patents.iec.ch. IH
shall-not be held responsible for identifying any or all such patent rights.

Y
~

O=>5

T

Is redline version of the official IEC Standard allows the user to identitfy the changes

made to the previous edition IEC TS 62600-100:2012. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.


https://iecnorm.com/api/?name=b9dc9c408713d1a6a820fee4b87f815b

IEC TS 62600-100:2024 RLVY © IEC 2024 -7 —

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:

b) Removal of the computation of annual energy production. This has been moved+-{o
IEC TS 62600-101.

Modification to the list of terms definitions, symbols and units.
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

|
5

ull information on the voting for its approval can be found injthe report on voting indicated
the above table.

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

=}

This document was drafted in accordance withhnISO/IEC Directives, Part 2, and developed

agcordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
af www.iec.ch/members_experts/refdocs, @he main document types developed by IEC ane
described in greater detail at www.iec.chipublications.

Al list of all parts in the IEC 62600\series, published under the general title Marine Energy
Wave, tidal and other water current converters, can be found on the IEC website.

—

he committee has decided\that the contents of this document will remain unchanged until the
ability date indicated. on’ the IEC website under webstore.iec.ch in the data related to the
pecific document. Afithis date, the document will be

n n

reconfirmed,

withdrawns-or

revised.

that it contains colours which are considered to be useful for the correct understanding
of its contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

4

This part of IEC 62600, which is a Technical Specification, provides performance assessment

methods for wave energy-Conversion-Systems{WECS) 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

prove existing technologies. This document will be Subject to changes as data are collecie
ahd processed from testing of wave energy converters.

The expected users of the document include:

¢| Device developers who want to validate the performance of their wave energy.converter.

¢| Investors who want to assess the performance of a device developer's wave enerd
converter.

o| Project developers who want to assess the performance of~their project again
manufacturer's claims.

e| Surveyors contracted to carry out the assessment.

| Conformity assessment, test laboratories, and certificatjdn;

o| Project developers — income, return on investment

e| Device developers — performance of device

¢| Utilities and investors — reliability/predictabilify,'ef supply, return on investment

e| Policy-makers and planners — usage of seascape, optimisation of resource, power supp
issues

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

n essential element for any publisliéd Technical Specification or International Standard is {
low an opportunity to provide feedback on its contents to the appropriate TC 114 Workin
roup. TC 114 utilizes a standard methodology to allow this.

QO >

b submit feedback suchhas proposed changes, corrections and/or improvements to th
bcument, please send-an email to the TC 114 Chair using the Contact TC 114 Officers featur
h the IEC TC 114.Dashboard, accessible at www.iec.ch/tc114. On the right side of th
ashboard under(Further information select the link to contact the TC 114 Officers. On th
Ibsequent page.find and select the Send Email link for the Chair to access the email tool.

w OO0 a —

Clompleteralbthe required elements within the email pop-up. For the Subject field please includ

the doeuntent title and edition you are providing feedback for (ex: feedback for TS 62600

Officers for review and then to the appropriate Working Group for their consideration.

d

ED2){In the Message field, include text which summarizes your feedback and note if furthegr
iffergration can be made available (note attachments are not allowed). The Chair may requeFt
added mformation as neede €fore torwarding ine submission 1o ihe remaining 4
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MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

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

-—

f

JorSws

H

Scope

ave Energy Converters (WEC) are designed to operate efficiently at different, [scations.
ystematic methods are used to evaluate the power performance of a WEC at a second locatign
ereinafter Location 2) based on power performance assessment at a first locatiop-(hereinaftgr
bcation 1). The degree of similarity of the measured WEC (WEC 1) andothe metocegn
bnditions at Location 1 to the secondary WEC (WEC 2) at Location\2 determine the
ethodology and the applicability of this document.

D P

[()

—

¢

D

= O

I.

—

® O O T Q©

his document applied in conjunction with the IEC Techwical Specification on wave enerdy
source assessment and characterization (IEC TS(62600-101), provides a method fIr
stimation of the mean annual energy production-0f a WEC, assessing the electrical pow

foduction performance of a single, non-array, wave’ energy converter, at Location 2 based gn
e performance at Location 1.

he scope of this document includes:

All wave energy converters that pr@duce electrical power from wave energy.
All sea resource zones (near and offshore, deep and shallow water).
Capture width matrix transpesition from one location to another.

Limitation on the changes’that are allowed to the WEC and the specification of the location.

Wave data required” at Location 2, as a minimum the requirements found in
IEC TS 62600-1Q0%

Development-of-the capture width matrix at Location 2.
Validation 0f the capture width matrix at Location 2.
Assessirient of uncertainties in the derived performance parameters at Location 2.

Regutrements for the allowable power performance transfer by geometric, kinematic and
dynamic similarity.

)

Poauiramaontc for tha allowvahla incornaration Af odditinnal amniriaal madal dota
e e et T e oo oo T e T S o p ot o O S o oo S rco T ot oot

k) Requirements for the allowable incorporation of additional numerical model data.

T

The document applies to commercial scale wave energy converters that are:
1) compliantly moored.

2) tautly moored.

3) bottom mounted.

4) shore mounted.

he scope of this document does not include:
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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

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

d) Power quality issues.

e) Environmental issues.

: : tionf : _

O MO —

]

o i <l H
UYCTAUulT armu mmanmeitaricvo.

Annual energy production (AEP).
his document provides a systematic method which includes:

measurement of WEC-pewer-output capture width in a range of sea states.
transposition of capture width from one location to a second location,

an agreed framework for reporting the results of—power cafiure width and wave
measurements.

estimate of the capture width of a modified WEC at Location 2/ This work would include tHe
development of parameters for the modified WEC for thessecond location.

his document provides:

guidance on the use of observations from Locatiof 1.

methods for assessing and reporting the validity of numerical and physical models.
limits on the permissible changes to the WEC between Locations 1 and 2.

limits on the use of data fitting techniqu€'s, and

requirements for reporting.

he wave power industry is at an_early stage of development. There is little practical experienge
ith field-scale WECs deploymient. Because of this, the present document will be subject {o
hange as more data is colleGted and experience with wave energy converters develops.

Normative references

—

he following documents are referred to in the text in such a way that some or all of their conten
bnstitutes requirements of this document. For dated references, only the edition cited applies.
pr undatéd—references, the latest edition of the referenced document (including ary
mendments) applies.

IEC 60688, Electrical measuring transducers for converting AC and DC. electrical quantities to
analogue or digital signals

IEC 61000-3 ) E , ibilitv {EMO) — Pact 3: Lismi

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

IEC 61869-2, Instrument transformers — Part 2: Additional Requirements for current
transformers
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IEC 61869-3, Instrument transformers — Part 3: Additional requirements for inductive voltage

transformers

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

FC TS 62600-1T03, Marine energy — Wave, tidal and other water current converters — Part 1,0
uidelines for the early stage development of wave energy converters — Best practices ar
récommended procedures for the testing of pre-prototype devices

Q=

$O/IEC Guide 98-1:2009, Uncertainty of measurement — Part 1: Introduction to the\expressid
F uncertainty in measurement

e}

$O/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide-to the expression
hcertainty in measurement (GUM:1995)

I~

O 8601, Data elements and interchange formats — Information interchange — Representatig
f dates and times

LD

(o]

$0 19901-1, Petroleum and natural gas industries —8pecific requirements for offsho
ructures — Part 1: Metocean design and operating considerations

@ &

d

Df

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

w

1 Terms and definitions

P

o terms and defihitions are listed in this document.

$0 and IEENmaintain terminology databases for use in standardization at the followin
afldresses:

IEC)Electropedia: available at https://www.electropedia.org/

SO 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 symbols, units, and abbreviated terms listed

in Table 1 apply.
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Table 1 — Symbols, units, and abbreviated terms

Symbol Definition Units
feeh, Erequency-of-occurrence-in-thei*bin Hz
Ceable total positive sequence line-to-line capacitance of subsea cable farad

Cgi group velocity at frequency component i m/s
Cpi phase velocity at frequency component i m/s
frequency Hz
Jo peak frequency
/i frequency at component i Hz
Ji frequency spacing Hz
Energy-atfdistributed-with-angle-¢ directional spreading function
oon NOTE 1 '[i:G(Q,f)xde =1 tirad
h water depth m
mo spectral estimate of significant wave m
H, significant wave height m
I eas Line RMS current A
J Omni-directional-measured-wave-energyfk wave power per unit width W/m
4 Sranidi : ‘ . Wi
E Capturelength i
; Capture-length-per-bin m
A J maximum omni-directiopahwave power per unit width W/m
v o J minimum omni-directional wave power per unit width W/m
j average omnj-djrectional wave power per unit width W/m
i wave number at frequency component i 1/m
cw capiure width m

A CW maximum capture width m

v CW minimum capture width m
W average capture width m

g odel.; model capture width for i" bin m

F"measured,,‘ Teasured capture widtTfor A3 TTT
Wer i error capture width for /™" bin m
M number of data sets in a bin -
MAEP Mean-Annual-Energy-Production Wh
m, frequency nt" order moments of the variance spectrum Hz"
n number of-sea-states records -
N number of bins -
2 measured power output W
P; measured power output per bin w
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Symbol Definition Units

Py hydraulic power input W
Pps absorbed power w

P measured real electrical power output w
Ppto power loss (dissipated) in the PTO w

PFcas power factor -
D 1 b AL

meas canr vl aviivo 'JUVVUI \A

Pgenwec power generated by WEC w
Poss cable power loss component W
PTO power take off
O eas reactive power W VAR
Reable total positive sequence resistance of subsea cable Q

2

S Speetral variance density -
Hz

m2

S Speetral variance density as function of frequency -

Hz
spectral density at WEC 2

Swec —

equals T(f,4,0,h,..)x S(f) ymi Hz
m2

SUwwmi spectral density at WMI o

Hz
Directional-spectrum wave €nergy spectral density m2
S0 6) S(f)x G0, /)
Hz -rad

SCF.0) Directional wave_energy spectral density m?

P VIWEC S(f)xG(b, f)at WEC

(/)% G(6.f) a—

S(£.0) Directional wave energy spectral density m2

1V IWMI N G0, f)at WMI
() G, f) Hz - rad

S. Spectral-density-at frequency-componenti variance density over the it m?

i ! i
discrete frequency Hz

Sij variance density of the i!" discrete frequency and ;' discrete direction m2/Hz/rad
ENg 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(f; 1, 6, h,...) )
NOTE 2 not all the variables are listed.
testsite- 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 i'" discrete frequency Hz
A6j angular width of the variance density of the ;! discrete direction rad

U line-to-line voltage V
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Symbol Definition Units
Uneas line-to-line RMS voltage vV
Vore: V1o WEC side positive sequence voltage \%
Vo2> Vpa- shore side positive voltage \%
WEC wave energy converter
WMI wave measurement instrument
D, S total positive sequence reactance of subsea cable Q
#, Frequency spacing
i
P fluid density 9—3 kg/m?3
m”
4 wave direction 2 rad
A wavelength m
[ phase angle Degrees®
voltage phase angle Degrees®
current phase angle Degrees®
Moto power take off efficiency -
CF(X) Centre frequency fraction of errors that lie within«{h&Aimits of £+ X % %

4| Sequence of work

T

gure 1 shows the sequence of work for-the assessment as described in this document. THe
re-test sections shall be conducted prior.to the testing period. Following the testing period, the
pst-test sections shall be conducted;

© T

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

5 Test site characterisation

5.1 General

An analysis of the prospective test site shall be undertaken to ensure that it is suitable for power
assessment of a WEC. The incident wave climate shall be evaluated to ensure the-power
performance capture width matrix can be populated. To infer the incident wave power at the
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location of a WEC, the effect of bathymetry and-marine—currents metocean parameters and
conditions on the incident wave climate shall be sufficiently analysed to determine whether a
transfer model between the Wave Measurement Instrument (WMI) and WEC will be required. If
a transfer model is required, the analysis shall support the development of a suitable transfer
model.

5.2 Measurements

5.2.1 General

The boundary of the test site shall be defined and documented. The main physiographic and
ofeanographic features of the study area shall be identified, especially those features that
influence wave propagation and thus the wave characteristics at the proposed WEC lacation.
Lpcations and time periods of all measurements will be recorded.

I cases where a wave propagation model is necessary to infer the wave characteristics at the
WEC location, the test site boundary should be considered the wave propagation’model domaip.

2.2 Wave-measurement-forwave power characterisation

WMI shall be deployed at the proposed WEC testing location priof to WEC deployment. A
bcond WMI shall be deployed simultaneously at the propgsed post-deployment wave
easurement location. The WMIs shall be deployed for a minimum of 3 months prior to WEC
bployment, and it is recommended the WMIs record .data for 12 months prior to WEC
eployment to account for seasonal variations. The frequency of WMI measurements will be at
ast once per hour. It is expected that during each mgasurement the WMI will record dafa
efining the free surface elevation time series profile, and that this time series data will be at
Lifficient temporal resolution to permit subsequentiransformation of the data into a frequenqy
bmain representation.
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btermination-of the-power matrix:

H—rcooshrlohoons

b}—directionality-of waves:

c} directional frequency spectrums;

d}water depth-including tidal effect;

B

Al wind I i on:

g} density of water;

h) occurrence and thickness of ice.

More than one WMI should be used if there is a large variation of wave direction and sea staf

due to bathymetric changes near the WEC location.

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.
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c) wave direction.

d) directional spread.

e) spectral width.

In addition to wave parameters mentioned, the following environmental parameters shall be
recorded:

—h
=

water depth including tidal effect.

tidal or ocean current speed and direction.

3 -

5
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{multaneously with the wave measurement and shall extend over a minimum of 30 days. The

wind speed and direction.
density of water.

occurrence and thickness of ice.
arameters from the lists (items a-j) that have not been recorded, and thus notincluded in the

bvelopment the-pewer capture width matrix, shall be identified and the tationale for thelir
kclusion justified.

he preferred characteristic period is the energy period, but additienal characteristic periods
ay also be calculated. These include the peak period and the zer@\p-crossing period.

2.3 Currentmeasurement-Tidal or ocean currents

larine—Currents at the test site shall be recorded«<and documented through a current
easurement instrument. The current speed andOdirection data shall be measurgd

hmpling period shall be a maximum of 10 minutes: At least one current speed and directign
cord will be taken from the upper half of the water column during the deployment period. The
rimary purpose of current records is to facilitate the development of a-marine-current model ¢f
e area. Tidal and non-tidal currents shallche estimated and differentiated.

is recommended, however, to measure current velocity and directions at different points ¢f
e water column in order to adequately describe the velocity profile at the site.

2.4 Tidal-measurementlelevation

dal heights shall be recorded at the test site. The measurements shall extend over at least
D days and shall be @analysed to estimate tidal ranges.

2.5 Bathymetric survey

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

e Survey should prr\\lirin the details on the bottom prnfiln

5.2.6 Wind speeds

T

he wind speed shall be recorded as in IEC TS 62600-101.

5.2.7 Calculation of wave spatial transfer model

T

he 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-energy-flux 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.
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NOTE It is expected that this will be the case for a well-chosen deep-water test site.

If the condition is not met, then a spatial transfer model shall be generated and validated. The
spatial transfer model can either be an existing modelling program or a custom modelling
program. The modelling program shall be validated. The accuracy of the model shall be
determined 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 at the
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MT.The test site should be modelled 1o assist In the development of a spatial transier mode
he spatial transfer model shall be acceptable if it predicts the energy flux at the WEC to with
D,0 % of the measured wave energy flux for 90,0 % of the data recorded according to5:2"2.

DTE The spatial transfer model would generally be in the form:
S/ Owec =T(f,1,0,h,...)x S(f,0)ypy (
Methodology
1 General
his document governs the methodology for measurement,‘analysis and presentation of dat

assess the power performance of an electricity generating WEC.

he sea state incident at the WEC shall be measured to the accuracy specified in Clause ]
he sea state measurements shall be analys€d“to give the parameters for each samp
fficient to describe the sea state as specifiediin Clause 7.

he electrical power production at the WEC shall be measured to the accuracy specified
lause 8. The electrical power production measurements shall be analysed to give th
arameters for each sample sufficieptto describe the electrical power production as specifie
Clause 8.

-power capture width matrixtshall be compiled as specified in Clause 9 which compares th

l.
n

[0}

=}

o @

b

hrameters 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 Y y

Sea state Electrical power
parameters parameters

Meta data
header

N ¥ Y

Aggregated data _ Performance
records o database
Y
Capture width

IEC

Figure 2 — Data flow diagram

2 Sample duration-and-frequency

6

The parameters describing the sea state and electrical power production for each sample shd
bge recorded as specified in Clause-6 7 and Clause.8. The minimum sample duration shall b
2P min. It shall be reported at least every hour.

The minimum sample frequency shall be 1,0 Hz.

NPTE Sample duration will affect the accuracy of the measurement. A short sampling duration can result in th
pdor characterisation of the sea state.

3  Simultaneity

rovide correlation betwgen sea state and WEC output power. WMI and WEC data shall b
nchronized so that the Sea-state incident at the WEC can be correlated with WMI records.
ig recommended that WMI data be recorded simultaneously with WEC power data for a minimu
of one half of the_sample duration.

6
The measurements from a.WMI and WEC power output shall be measured at the same time 1
p
s

NPpTE The ,spatial transfer model shall be used to correct any time delay between th
neasurements taken at the WMI and the location of the WEC. The correction for the time delg
wiill not.affect the simultaneity of the measurements.

—

6{4 Data recording

6.4.1 Amount of data to be recorded

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

interest. 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-pewer 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-recoverable-in-ASCH 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-7 8 is to specify the wave and environmental data required t@yproduge
atpewer capture width matrix for a WEC. Clause-# 8-shalalse provides the methodology for
ahalysing the wave data in order to characterise the environmental conditions.' The minimum
sample frequency shall be 1,0 Hz.

§

H

and- limitation—of the WMl _shall he~documented to referende
R a—HHEaHE ot+—the YH—SHSH—PEe LT eftec—to—tfetrefrenge

N N

® €€

712 WMI calibration

~

2.1 General

The WMI shall be verified bythe vendor through a factory acceptance test. This shall include
a minimum:

oY)

Any operating limitation of the WMI.

Calibration of thg"WMI accuracy over the operating range.
Last calibration date and calibration interval of the WMI.
The calipration method.

The_type of data that is output by the WMI.

O O O T Q©

71242 General

The post deployment WMI location or 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.
¢) Minimize the WEC's impact on the waves at the WMI location.

The effects of reflection, radiation, diffraction, and shadowing of the wave field shall be
considered when assessing impacts.



https://iecnorm.com/api/?name=b9dc9c408713d1a6a820fee4b87f815b

—-20- |EC TS 62600-100:2024 RLV © IEC 2024

7.2.3 Direct measurement

Direct measurement can be used if the site investigations as specified in Clause 5 have 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 Measures-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 functign
wjill provide the sea state data to be analysed with the WEC data.

712.5 Correction for WEC interference

U

The WMI shall be positioned to minimize the amount of interference from thee WEC. A mod
shall be developed to estimate the waves induced by the WMI and the WEC frem radiation an
re¢fraction diffraction. The WMI shall be placed in a location where the-average effect of th
adiated and diffracted waves from either body has less than 2 % to 3% effect on the way

ehergy-has-decayed-by-atleast 90-% at each location.

_1
® O Q

713 Metocean data

tlis recommended to measure and record all relevant parametérs believed to have an influenge
n power production. Since there are several factors thatshéy can affect the-performance-ofia
EC power production, depending on its type, awareness of any correlation between power
foduction and a specific parameter should be sought and reported. A listing of the parametefs
included in 5.2.2. As a minimum requirement, the significant wave height estimate H,q, the

ave energy period T, and the wave energy flux“per unit width J shall be calculated using the
easured wave data and reported.

T <O

3 =

ther parameters that have a significant effect on the power production of the WEC shall algo
b recorded and calculated. The calgulation of any additional parameters shall be defined and
gported in sufficient detail to allow for repeatability (see Annex C). The accuracy of the
blculated parameters shall bglgiven, according to the uncertainty estimation defined hy
$O/IEC Guide 98-1 and ISO/IEC Guide 98-3.

= O 0

a O

Directly measured parameters will be expressed with indication of absolute error. Specificatior|s
oh the type, location, ‘ealibration, and accuracy of the measurement instrument shall be given.

714 Procedure.for the calculation of derived parameters

Wave data‘shall be described by wave spectra which provides information on how the wave
elevationvariance is distributed with frequency.

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

oS4 - G d B g d - Savas < gHeRG g HSe4a or
calculation should be between 0,033 Hz and 0,50 Hz with the number of frequency bins
determined from data analysis. Frequency bin width should not exceed 0,015 Hz.

b) The frequencies shall be defined using either a geometric progression where the ratio
between two adjacent frequencies is constant, or a fixed frequency spacing. In either case
the maximum frequency bin width shall not exceed 0,015 Hz.

NOTE1—Currents-may can have a significant effect on wave and power parameters due to
Doppler shift. Refer to ISO 19901-1:2005 for the correction procedure. If the ratio of intrinsic
to apparent wave frequency is between 0,9 and 1,1, corrections are not required. Any
corrections from apparent to intrinsic wave shall be clearly noted.
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c) Frequency moments of the variance spectrum m,. The moments of the spectrum from
n =-1and n = 0 shall be calculated from

my =2 f;"Sid; )

NOTE 1 Formula (2) is the discrete approximation of the following: m,, = ,[S(f)fndf

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

H,0 =4mg (3)

e) The energy period T, is defined as:

Hl

mng

T =T10=H

e —

—h

) The wave energy flux_per‘unit width J (omnidirectional) is defined as:

J=paY Sicgdf;
i

J = ngcg,iSl-jAfiAﬁj
ij

where

g is the gravitation constant equal to 9,8 m/s2.

NOTE 2 Formula (5) is the discrete approximation of the following: J = png(f)cg (f)f

g) The group velocity is defined as:

1 [, 2k-h
" sinh(2-k; - h)
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1 kl- 1
1 2k:h
Coi=—Cpi| 1+ —————— 6
&2 ’”[ sinh(2kl-h):| (©)
The phase velocity is defined as:
/g T
where
k; is the wave number at frequency component i.
NOTE 23 In deep water conditions, where deep water is defined as a watér,depth to wave length ratio greatgr
than 0,5, Formula (5) simplifies to:
2
=gl
— B4z "
sz 2
S = gantimo e (%)
NOTE 34 The directionality of the sea state is important when the WEC is directionally sensitive. The Metocegn
data will be recorded as a parameter. Thé directionality of the waves can be described as a mean direction and
a parameter representing the spreading.
8| WEC power output-meéasurements
8|1 WEC electricaloutput terminals
In the case of an AC grid-connected WEC its output terminals shall be at the point where the
oltput 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
ppwer-is connected directly to the load. The output power shall be in the form of AC at |a
cpmmonly used network frequency (e.g. 50 Hz, 60 Hz), and at a commonly used grid connectign
V\Ifngn level (n g 400\ 6.6 I(\/) These details shall be r‘lnarly stated

T

he output terminal point shall be clearly stated.

8.2 Power measurement point

T

he power measurement point should be at the electrical output terminals of the WEC.

When 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 corrections
shall be fully detailed. Power loss correction is only permitted for transmission equipment that
is required for measuring the electrical power at the WEC output terminal. The power
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measurement point shall be clearly stated. In the case where the power measurement point
differs from the output terminals the justification shall be made.

NOTE 1 Annex B contains a method for cable loss compensation where the measurement point is located on shore.
NOTE 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 sysfe
ehergising power and necessary ancillary loads on board the WEC. The power shall be recerde
wlith a minimum sample frequency of 2 Hz, the power signal having been subjected to a suitable
apti-aliasing filter.

o 3

The mean, standard deviation, maximum and minimum of the digitized values*which occur in
epch sample shall be 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
limitations imposed on WEC power export capacity due to the grid'connection. These-may cg
include the capacity of the connection itself or the requirement for significant reactive pOW{

ekport, resulting in constraints on the WEC power output.dnder certain conditions. In the ca
where such constraints can occur, a method to identify ‘when the WEC is operating und
cpnstrained output power conditions shall be put in place. Output power data gathered durin
these conditions shall be identified and may be excluded for use in the power performang
matrix.

n
r
e
r
9
e

tlis recommended that an external dump load-be installed in order to eliminate the WEC powgr
Litput constraint.

o

4 Instruments and calibration

he net electric power of the WEC shall be measured using a power measurement device sugh
5 a transducer and be basediupon measurements of current and voltage on a minimum of two
hases.

T 0 - 0

m

ectrical transducers\and the power measurement device used in the electrical measuremen
nould be accuracy)class-6;5 1,0 or better, should be calibrated to traceable standards an
nall meet the requirements of the following standards:

n n
[eXR7)

power transducers: IEC 60688.
current'transformers: +tEC-60044-1 |IEC 61869-2 and IEC 61869-1.
voltage transformers: IEC 61869-3 and IEC 61869-1.

The operating range of the power measurement device shall be sufficient to include all positive
peaks corresponding to net generation and all negative peaks corresponding to net imported
power. As a guide, the full-scale working range of the power measurement device and
transducers should be at least:

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

e import: —1 % to =50 % of rated power.

At the low power range of-+1-%of the device's rated capacity, where the working range of the
power current measurement device does not allow for-elass-0;5-measurements an accuracy
better than +3 %, the power recorded should be zero. At the low power range where the working
range of the transducer does allow for accuracy class-8;5 1,0 measurements, their measured
values shall be recorded.
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NOTE It is important that current transformers are specified correctly as they become non-linear for low currents
(=5 % of their range or thereabouts).

9 Determination of-powerperformance capture width matrix

9.1 General

. A a . A A A A a

a O a D ° a—u g ap g a1 g
nowerperformanceof a WEC can be determined fortwo-distinet nurnoses The first nurnose-is
pewerperHormance ora Ve o - GaitbeGeter e G tortWo aHSHRGT PUHPOSES——1 e HSt PUIpPOSe 1S
ta-definethe nowerperformanceofa WEC so-that it cansubseauentlvybe usedtonredictenerdy
t@-GeHRemepowerperoriance-ora VW= SO tHatH-canR-SdoSegquey o e useatopreaictenetqgy
vield at g different siteIn this case the canture lenath-matrix should - be nroduced -as - detaildd
HeraataaHHereft—SHte—httHS 6aSethe-Capire1engiMath—SHothGoe-ProadceaaSaeahga
NDTE  The canture lenat matri is nrafarred over the nower matri hecauseit-is less sensiivvel to-sea-stale
NPHE—HRe—eaptdre—teRgti—matrx—s—preterrea—over—tne—powermatrx—oecatdse—H151e55—SensSHweto—sea-state
ndrameters and thus less affected bv the method of bins owever thae ealeylation of the nower mafrix is snecifiged
pgrameters—anathus—tessattecteady-tne-metnog-orois—rowever—the-caictiation-ot-thepowerkmatrix—is-spectigea
in|9-3-to-enable-its calculation - where appropriate.
The second purnose - is to assess the nower nerformance of 3 WEC to determine if it meéts the snecified nowbr
Hie-secoha—puUrposets—to—assess—tne—powerperorman oa—wet-to—aetermineHtH-meets—tne-spectieapowpt
nérformance claims If 3 canture lenat matrix_for the WEC axists then this can heladhicved by comparina the
performance—craims—i—a—capture—rehgthi—matribx—tortheWeb—existsthen—this—eah—oeiaentevea—oy—compariig—tie
measured power performance to the capture length matrix.

he capture width matrix will be used to determine the effectiye operation of the WEC. Th
bpture width matrix shall use a normalised capture width for each’bin. The normalized captur
idth shall be calculated using the average value of the capfure widths in the bin. The captur
idth is determined using the parameters derived in 7.2 aRd’then calculated in 7.4. The captui
idth matrix is less sensitive to the sea-state parameters.and thus less affected by the methg

bins. In this case the capture width matrix shoutd be produced as detailed in 9.2.
brmula (9).

O ®Dd® DO

mo s s 0

NPTE The annual energy production (AEP) is ,estimated in IEC TS 62600-101. The capture width |n
IHC TS 62600-100 is a calculated value. The capture width in IEC TS 62600-101 is calculated usir
IHC TS 62600-100. This allows for a common method’to compare predictive to measured capabilities of a WEC.

9[2  Structure of the-normalized-poewer capture width matrix

«Q

2.1 Core structure

9

The normalized-power capture width matrix shall be constructed by applying the "method ¢f
blns" to the capture—lengths” widths as in 9.2.3. The bins shall be defined by at least the
s{gnificant wave height estimate, H,; and energy period, T,. The bins for significant wave heigit
shall have a maximunmiwidth of 0,5 m and the bins for the energy period shall have a maximum
wlidth of 1,0 s.

9(2.2 Sub=division of the normalized-pewer capture width matrix

Aldditional-indices, such as the mean wave direction or spectral bandwidth, may be added fo
He normalized-pewer capture width matrix to reduce the variability of capture-length width |n
epclybin.

—

NOTE It is advantageous to sub-divide the normalized-pewer 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-length width

The capturetength width is equal to the net electrical power capture divided by the wave-energy
flux power.
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P
W == 9)

9.2.4 Representation of the capture-length-matrix width per bin

In cases where only significant wave height, 7, and energy period, T, are used to define the
apture-length width matrix a table can be used to fully represent the capture-length width matrjx.
here more indices are used to define the capture-length width matrix the significant waJe
bight and energy period should continue to be used together to organise the data sets {o
cilitate usage with wave climate scatter diagrams.

oI SO

m

ach bin of the captureength width matrix shall contain at least the following information:

the average capture-length width of all the data sets in the bin;

the standard deviation of the capture-length width of all the data sets(in the bin;
the maximum capture-length width of all the data sets in the bin;

the minimum capture-length width of all the data sets in the bin;

the number of data sets in the bin.

® O O T Q

NPTE It is recognized that some sites can have very different spected, for the same (mean) wave direction, fpr
ample combining ocean swell with local wind driven seas. Be awafe of the limitations of the methodology.

0]

o

The average and standard deviation of the capture*~length width for each bin is calculatg
agcording to the formulae:
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. q>
10 Reporting format (_19
Q’.
1p.1 General
:\Q
Rleporting requirements are described below. All work performed uld adhere to the
requirements in this document, and any deviations should be docum as described in 10.8.
©
1p.2 WEC description report &G)
The WEC under evaluation shall be described in full. As a<<r/ﬁdimum, the following parametefs
shall be provided: \\

o] WEC make, type serial number, production yearQ

o| Type of energy capture technology empl and the dimension of the WEC. The
dimensions shall include: \§\

— size of floating components, fixed b&r‘?\'ers and inter-connecting components.

— actuators and moving componen@hat transfer the wave motion to the Power Take-Ojff
(PTO).

o| Diagrams and drawings showin.b\%e mooring system, foundation and fixed barriers.

o| Electrical generator(s) na\r[léaate capacity.

3

e| Description of the PT qu to the power measurement location, 8.1. This shall include th
rated voltage, curren d frequency of all components including the generation, converte
and other equipmgnbused to condition the power. A diagram detailing the PTO system an

o Q.0

location of the surement point, 8.1, shall be provided. Where applicable, calculations f{

account for losses as described in 8.2 and Annex A should be provided in detail.

D.3 WE ﬁosite report
G

The W st site shall be well defined in accordance with details described in Clause 4. The
tgst siteclause shall include as a minimum:

-—

information shall be reported for each, te:st'in’g period per 6.2: . ’
— Spectral shape.

— Wave height (H,,q, 7.4).

— Energy period (T, 7.4).

— Wave power per unit width (J, 7.4).

— Directionality of waves as measured (7.4).

— Directional frequency spectrum as measured (7.4).

— Water depth including tidal variations.

— Tidal and ocean currents.
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— Wind velocity.

— Temperature.

— Density of water.

— Occurrence and thickness of ice.

NOTE The data can be presented in either hard copy or electronically. The data can be formatted tabularly or
graphically.

w =

1p.4 Electrical gr@r{d load report

Qrid parameterﬂncluding frequency, voltage and permitted tolerance shall be provided. Any
pfevailing gri nditions limiting or having the potential to limit the power output during testing
pgeriod sh reported.

If

1

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‘H&ne
included for floating WECs.

— Mooring system drawing showing the anchor location and expected mq;&‘ing line
configuration. (_19

— Drawing of location and profile of the power cable, if applicable. Q
— Fixed foundation location and orientation. K S
— Location of wave measurement instrumentation (WMI) both@esting and testing

5.2.2.
— Reporting of external constraints affecting or having th%ogtential to affect the WEC
performance or operational periods. &

— Reporting the variation from the representative wat&r/@bnsity used in the calculations.

o

Minimum of one hydrographical and navigation chart\mnh the coordinate system identifie
of the test area with the following information: Q O

— Shoreline and bottom profile. Unusual U@Nater obstacles that can affect wave and
current motion shall be identified.

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

— Currents from both ebb and flogx%es. The direction and maximum shall be show.
Season current shall be shown_if applicable.

— Ocean currents if applicabl&\QJ

ypical systems are World Ge’ov%tic System (WGS) 1984 and North American Datum (NAL
P83. Other systems may E\jbused provided they are recognized Geographical Informatio

ystem (GIS). C)\\

S5 =

Ic@p nks are used, the parameters of that load bank shall be reported.
AN

0.5 Test equipment report

A description of all test equipment including sensors, Data Acquisition (DAQ), WMI components
and sensor locations shall be reported. For each component the minimum information shall
include:

General description of sensor including, name, model number and serial number.
Specification sheet demonstrating ability to meet requirement.
Reporting of all user-defined settings.

Calibration documentation or certificate of conformance as well as the documentation of
compliance to the manufacturer recommended procedures. Calibration of WMIs shall
include the calibration methodology.
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10.6 Measurement procedure report

A description of the measurement procedure, in accordance with Clause 7, shall be provided.
The procedure report shall include as a minimum:

Procedural steps, test conditions, sampling rate and time-drift considerations.

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

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

A log book containing details of the testing including as a minimum the results from Annex

and Annex D shall be appended to the report. A

D.7 Presentation of measured data QB/

™

Date and time of data acquisition. &G)

Wave power per unit width (calculated using, 7.4 F@Jla (5)).

Measured output power. QQ
Capture width. \Q

S
he following minimum matrix information sfiat be presented:

Number of data points in each bin.\g\\g\

Maximum capture width. \@
Minimum capture width. \O
Average capture width., C\)j“
Standard deviation. C)\\

sample of the m@l@(;nethod of bins) presented is shown in Annex A.

D.8 Devia@@from the procedure

bpara

ny devi %ﬁs from the requirements of this document shall be clearly documented in
its effect on the test results.

N

he information detailing the measured and calculated data shall be presen q{lsing th

Wave height H,,5, energy period T, and if required wawé/gﬂ'ection 0 (calculated using 7.4).

ause. Each deviation shall be supported with the technical rational and an estimat

e
ethod of bins, Clause 8. The matrix can be sub-divided to account for w direction or
bectral bandwidth. Q

s/
DTE Additional sub-matrix can be used to account for unique weather conditions su@ icing.
he following information shall be provided: Q;l’
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Annex A
(informative)

Example production of a normalized-pewer capture width matrix

A.1 General

Clause A.2 and Figure A.1 describe the method on how to display empirical WEC data

p
h
1
in

erformance data in a standard format. The data has been generated from simulations of
pave only point absorber WEC and is designed to closely match what would be expected fro
easured sea test data. The data has been grouped using bins, with Table A.1 to Tabte A
dicating the bin centres.

.2 Sample data

ower is measured at the output terminals of the WEC as defingd-in this document.

Table A.1 — Sample data

able A.1 represents an example of an extract of the-wave-data-as-measured-by- WMl and WE
brformance averaged data gathered in an unprescribed format. Wayéceharacteristics from th

easurement equipment have been used to calculate the wave powegrifor the given H,j and 7|

a
m
6

o @

H_, T P L
ey KW m
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Date/time Wind speed | Wind direction | Wave height :::i\gii Aﬁ(ﬁfd opgw:rt
(m/s) ) (m) (s) (kW) (kW)

2012-2-1 0:10 5,114 358,989 0,911 3,323 4,184 1,615
2012-2-1 0:20 4,534 358,989 0,969 3,389 4,448 1,720
2012-2-1 0:30 3,912 358,989 0,951 3,393 4,817 1,848
2012-2-1 0:40 3,382 358,989 0,905 3,308 4,074 1,733
———— Encaa 258535 Sncancs Eammacs 555 552
2012-2-1 1:00 4,538 358,989 0,848 3,274 3,264 1,112
2012-2-1 1:10 4,802 358,989 0,889 3,330 4,475 17671
2012-2-1 1:20 4,706 358,989 0,839 3,234 3,349 1,196
2012-2-1 1:30 4,460 358,989 0,807 3,408 3,316 1,214
2012-2-1 1:40 4,399 358,989 0,801 3,284 3,802 1,287
2012-2-1 1:50 3,978 358,989 0,785 3,214 21913 0,891
2012-2-1 2:00 3,860 358,989 0,758 3,259 2,544 0,823
2012-2-1 2:10 3,890 358,989 0,777 3,238 2,856 0,940
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 0,498 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

N

©

he full range of data measured asdit occurred durlng the measurement penod is shown in

gure A.1.

ot shows the var|at|on in electncal power output over a range of H,q and T..
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Figure A.1 — Power scatter

IEC

It is necessary to reduce this large data set to the standard discretisation. The bin sizes chosen
are 0,5 m for H,,g and 1 s for 7, as defined by 9.2.1. The tables which follow display the value
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 capturedength 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.
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Table A.2 shows the average capture—length width for each bin. Empty bins indicate no
measurements were recorded for that combination of 4,5 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

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

Preferred

Preferred ) locatien
location Onshore equipment

Offshore WEC /

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

Y o 1"~ Metering
: equipment Electricity
| grid

Generating Step-up Metering
equipment  transformer equipment

: compensation |
, equipment :

IEC
Figure B.1 — Location options for metering equipment

Ideally, power output should be measured atithe output terminals of the WEC. This is referrgd
tq as the "Preferred Location" in FigureB.1. If the metering equipment is located on th
generator side of the WEC step-up transformer, this shall be noted.

[¢]

Some WECs use either energy sterage or compensation equipment, or both, that are externa
tq the WEC itself but shall be(considered as a part of it for the purposes of performande
apsessment. Typical locations for such equipment are indicated with broken lines. The
cpmpensation equipment_may be installed in series or shunt with the power flow, and auxiliafy
ehergy storage equipment.is typically installed in a shunt configuration. In such situations, or |n
sltuations where power measurement is only possible shore side, the WEC power should he
nmeasured at the output terminals of the compensation equipment wherever it is situated, or at
RHe shore station incoming bus bars, where no compensation equipment is present. This (s
referred to as‘the "alternative location" in Figure B.1. In this case, losses due to cables and
her componénts between the WEC system and the compensation equipment should be
bterminedyand the power output should be adjusted accordingly.

—

Q. O

Al methodology for losses incurred in a single connection cable is provided in the next section.

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.
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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
genreratty be—determined-from-theACresistanceperkm—vatuesprovided-by-themanufacturer.
Skin effect can be taken into account if a detailed harmonic breakdown on the device outpiit
clirrent is available. This is generally of negligible impact since harmonic filters at the output ¢f
ppwer conversion equipment are designed to reduce the harmonic current componentson the
glid side to very small levels. These levels are regulated by the appropriate power quality
standards in accordance with IEC 61000-3 (all parts).

Reable Xecable

Ceablez  —7— Ceablez —7—

Vp1, ‘ ‘ sz.
Circuit elements Connections
Reave  Total positive sequence resistance of subsea cable Voir.¥p1-  WEC side positive sequence voltage
Ceable  Total positive sequence line-to-line capacitance of subsea cable Up2+, Vo2 Shore side positive sequence voltage
Xeave Total positive sequence reactance of subsea cable
Rcable Xeable
Vot I Voo+
Ceable2 —T— Ceabler2 —T—
Vo1 | Vpo-

IEC

Figure B.2 — Positive sequence cable model

~

fla number‘of cables are connected in parallel between the offshore WEC system (or arra
aphd the-shore side metering station, the standard circuit theory should be used to derive the
efiuivalent-1r circuit of the combination of cables.

In order to measure the power performance and determine cable losses, one of the following
sets of measurements shall be made (utilising the instrumentation outlined in the next section):

a) line-to-line RMS voltage (U¢,5), line RMS current (/,,,.55), and the phase angle of each (¢,
¢;) relative to a common reference signal or relative to each other.

b) line-to-line RMS voltage, line RMS current and power factor (PFq5s)-
c) real power (Peas) reactive power (Qeas), and line-to-line RMS voltage.

d) the output of the WEC system (Pyqnwec) is then estimated by the following formula:
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Fyenwec = fineas * floss (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:

L 2 21
aC bl U . . wC bl U
Ross = 3“1meascos¢1 _wsm(/’VJ +£Imeas Sing; '*‘%COS("V Reabie (B.2)

In the case of voltage, current and phase angle or power factor measurements,)the factor o |s
the electrical radian frequency and is equal to 2n times the electrical system.frequency in Hz

=

the case where real and reactive power measurements arg€c-pbtained, the current
easurement and phase angles can be derived as follows:

3

2 2
I _ \/Pmeas + Omeas (B.3)
meas = > .
3Umeas
-0 ~arct Omeas
¢7V = (pl =—arctan— (BAI.)
meas

[

nd substituted into the previous.dormula for calculating P,s. An assumption in thege

blculations is that the system yoltages and currents are balanced. Even in the presence o¢f
mited unbalance in the system,»as permitted by the relevant national grid code, these formulae
afe sufficient to estimate the ¢able loss compensation.

= O
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Annex C
(normative)

Evaluation of uncertainty

C.1 General

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

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

Fpllowing ISO/IEC Guide 98-1 and ISO/IEC Guide 98-3, there are two types of uncettaint
category A, the magnitude of which can be deduced from measurements, and categony’B, whid
afe estimated by other means. For both categories, uncertainties are expressed\as standar
deviations, and are denoted as standard uncertainties.

.2 Uncertainty analysis

The measurands for the uncertainty analysis are the power matrix, detérmined by the measure
ahd normalised values of electrical power production and séaszstate parameters, and th
eptimated annual energy production. As a minimum the significant wave height and enerd
period shall be considered as measurands. Uncertainties’in-measurements are converted f{
uhcertainties in these measurands by means of sensitivitysfactors.

—

able C.1 contains a minimum list of uncertainty~components that shall be included in th
ncertainty analysis.

c

Table C.1 — List of Uncertainty components

[o N J

e

Measured/model parameter Uncertainty component Uncertainty
category 2
Bignificant wave height Wave measuring instrument/ and model calibration B
Influence of moorings andfor 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
Fnergy period Wave measuring instrument/ and model calibration B
Influence of moorings andfor other local effects on WMI B
Data acquisition system (e.g. sampling rate, windowing) B
Directional spectral analysis B
Strength of-marine currents B
\ariability 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

a8 according to ISO/IEC Guide 98-1:2009 and ISO/IEC Guide 98-3:2008.
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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
sga-state parameters. In general, this uncertainty can be expected to be greater as the difference in conditio
b¢tween those used to produce the power matrix and those in which the power matrix is used increases.

[
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Annex D
(normative)

Error analysis of the wave spatial transfer model

D.1 General

The term "spatial transfer model" in this document refers to the use of analytical or numerical
models to transfer measured wave parameters in one location to estimate wave parameters in
ahother location at a known distance and direction from the location of the measurgd
pprameters. It is possible that a spatial transfer model-may is not-be-required necessary, sde
5]2.5.

nnex D covers a procedure for validation of a spatial transfer model for prediction of waJe
Arameters at a specific location.

A
p

D.2 Overview

.2.1 Validation procedure

= O

he validation involves the following steps:

Identify data for validation which hasn't beenasgd for construction of the transfer model.
Identify the specific parameters for validation.
Apply the transfer model to known measured data.

Measure performance of the transfef\model as detailed in this Annex D.

O QO O T Q©

Determine the suitability of the . model by calculating the centre frequency fraction (CF).
D.2.2 Validation technique
E

rror (e) is defined as: The.predicted value (p) of a parameter or variable minus the measurgd
g¢ference value (r) of a parameter.

—

e =(pi—1) (D.1)
where
el is(the error of one sample record;
p is tho prndinfnd value for eompln rnnnrd;

r. is the recorded value for the sample record;

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

Error percentage is defined as:

o =771 0o (D.2)

i
T
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The series mean (SM) or the mean value of a series of data points (y) is defined as:

M=

<

1
Ni

Il
RN

Vi (D.3)

where
y ;a thc yc||c|a: va:uc g =] data cct,
N is the total number of data points in the series;

~.

=il @)

r

©

T
a
c
tr
p

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

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

1Y,
RMSE = | ¢ (D.
N3

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

omparing the SM of the jmeasured parameters to the parameters generated by the spati
ansfer model and examining the RMSE and the SD provides an initial indication of th
erformance of the spatial transfer model.

he key statistic for meeting the performance requirements of this document is the CF which

measureofithe frequency with which errors lie within a specified limit. For example, th
blculated™error between the measured and estimated parameter generated by the spati
ansfer—model shall be less than 10 % for 9 out of 10 data records to meet the curre
brformance requirements for this document.

)

Al
nt

Minimum thresholds for significant wave height and wave period should be set to keep error
percentages manageable in small significant wave heights (e.g. less than 0,2 m) and short
periods (below 2 s).
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Annex E
(normative)

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

1 General

m

o Q

hnex E provides a uniform methodology for estimating and reporting the performanceq
ave energy converter (WEC) at a prospective new deployment location. The perfo q
stimation methodology is based primarily on observations and measurement results_gaihere
Liring field deployment of the WEC at a primary location with different metocea dition
bmpared to the prospective new location. Further, it is possible that the W esignh w
corporate changes to accommodate the new site conditions. To assess the performancs
clusion of additional information based on validated numerical and cal models |s
pecified. In this document the completed field deployment location is re&,r d to as "Locatign
' and the prospective deployment location is referred to as "Location

[ZNe NN INY)

N4

hnex E provides a methodology for arriving at the capture wi@g/matrix for the WEC at
bcation 2 using Clause 10 of this document and IEC TS 62 101 to arrive at the annual
hergy production (AEP). Other documents in this series (IE@ 62600 (all parts)) are drawn
bon to provide the wave resource and WEC performanceQ/ mation necessary to enable thi|s
halysis. The methodology involves: ;\\

assessment of the wave resource at Location 1 d Location 2.

characterization of the WEC performance atQ) ation 1.

\S

assessment and compensation for the irgkg‘}ct of discrepancies in the metocean conditions
between Location 1 and Location 2 on @e WEC performance characterization.

assessment of the impact of chan gs\to the WEC configuration between Location 1 and
Location 2 on the WEC perform.aéé characterization.

=

complementing the performam% observations from Location 1 with fit, experimental ¢
numerically modelled data. %}

>

estimating the capture; h matrix based on the composite performance characterizatig
of the WEC.

.

.2 Sequencg‘%vork
O

he sequen the work is outlined as follows:

TS 62600-101.

Des%& the WEC technology.
ﬁ(s,es and characterize wave resource at Location 1 and Location 2 using
N

c) Get the capture width matrix from WEC power capture data at Location 1 per Clause 9 of

this document.

d) 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.

e) Validate the model against measured data from Location 1.

f)

Specify changes to the WEC to accommodate the new metocean conditions.

g) Evaluate the impact of changes to the capture width of each bin using validated numerical

h

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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m

Calculate AEP at Location 2 using the complemented capture width matrix and Location 2
resource data.

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.

Estimate the uncertainty related to the AEP calculated at Location 2.

=0

E

The calculation of the AEP shall be in accordance with [IEC TS 62600-101.

\%
hnex F provides a detailed illustration of the concepts and calculations in each s&% the
bquence of work. ('1/

>
Q-
N

s/
his specification allows for changes to the WEC when moved from L@n 1 to Location 2 |n
'der to accommodate the new metocean conditions. Changes to th‘a EC should be clearly
becified and may include: dimensions, geometry, power take hystem, control logic and
oorings system. Allowable changes and procedures are speg{ in Clause E.8.

O

.4 Description of wave energy conversion (W\ technology

O

.3 Limitations of this annex

he wave energy converter WEC 1 deployed at Léﬁtion 1 and the WEC 2 to be deployed at
bcation 2 shall both be described in terms of:
N\

Operational principle. \&

Geometry and dimensions. \\g\@

Mass properties. ®\$

PTO system. R\

Mooring arrangement. \O

OF

N

.5 Assess and chﬁgacterize wave resource related to Location 1 and
Location 2@3

5.1 Gener{l)

-

milar to f IEC TS 62600-101:2015, a site description shall be prepared for each of the

EC k@) s under consideration.

(g/o Ambient condition

For each location this description should include a chart, geographic coordinates, the water
depth as well as general description of the following:

The shoreline geography and bathymetry.
The prevailing wave and wind conditions.

Typical tidal range and currents.
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5.3 Wave resource at Location 1 and Location 2
description of the wave resource at Location 1 and Location 2 shall be provided and include:

Directional rose plots.
Scatter tables and plots.
Exceedance and persistence.

Joint probability analysis.

e o.()

Z

—

m

""ITI

I,

= O

r.

S Z

of

.6 WEC power capture data at Location 1 \/Q
apture width data from Clause 10 of this document shall be applied to IEC TS 6 DO 101 {o
btermine the WEC electrical power performance at Location 1. The measured C powegr
roduction records along with the concurrent wave measurements should be o calculate
hd report the Electrical power matrix.

DTE Clause G.2 provides the location for the measurement of absorbed power and @effmlency matrices.

he measured WEC power production records along with the conc@ent wave measurementis
hall be preserved for further analyses. «G)
.7 WEC model validation o
N
O
7.1 General Q

ther a numerical or physical model, or both, Qbe required to satisfy the requirements ¢f
is document. The validity of each model Sé@& e assessed by comparison of the results Wllh
bservations from WEC 1 at Location 1. Spegific requirements for the comparison are given in
e following subclauses. IEC TS 62600-16@’W|II be used for guidance for WEC model validatign.

>

DTE These are the minimum reqmremer§0r communication of the level of validity of either the physical pr
merical models, or both. At this stage, |Q§~ eft to the users and analysts of the documentation to judge the validity
the physical or numerical model fron@e difference between modelled and observed performance.

7.2 Bin selection | c\}‘
N\

t minimum, 10 bins o@he capture width matrix, covering the range of occurrences at
bcation 1, shall be%{ ected for validation. The bin selection process shall be documented and
stified. For each e selected bins, a minimum of three model runs shall be performed using
fferent randon@ave seeds. The number of models runs used in each validation bin shall be
bcumented

ach m%a run shall use as input either: observed wave conditions from Location 1, or wave
)nd| representative of the capture width matrix bin being simulated. The wave conditions
each model run shall be documented. Where representative wave conditions are usegd

do an-’d nnnnnnnn thoca ranracantativn ~anan At A ahall ba dcn aantad nd otifin d

tI’

E.

T

ath o oo o ona
\"ZRERATAIRACA" Lo ay p v u\;LUIIIIIIIIIIv TTTOST |\,y|uuu|uuuvu oGRS SAarbe SR eRteeaha Juqunu

7.3 Error per bin

he percent difference between the mean modelled capture width, CWpoqe; » @nd mean

observed capture width, CWpyeasured;» In the ith bin shall be calculated and clearly presented for

a

Il bins as follows.

1 OO(CWmodel — CWeasured,i )

CWmeasured,i

CWerr 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 oders 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. i r
tq Annex G for methodology to quantify and apply PTO efficiency. Q}/

.8 Modifications to the WEC Qq/b‘

m

odifications to the WEC and ancillary hardware are permitted. The captur Qi’dth data fro
bployment of WEC1 at Location 1 can only be used to characteriz."WEC2 includin
odifications if it can be shown that these modifications impact on th wer performance
e device by 10 % or less per bin. If the modifications exceed this lim a bin it shall be fill¢
s5ing validated numerical methods as outlined in Clause E.7 andClause E.11. Modification
bn be required to the WEC to adapt to Location 2, and shall tiz@ mented as follows:

cc=z3zaz=
n Q3 Q 3

Description of the change. C)
Purpose of the change. s\\<</
Impact on the performance of the WEC on a bin@-@in basis.

Modifications to the WEC cannot be made withou% alidated model as described in Clause E.]
The validated model shall be adapted to acconQn date the proposed modification to the WE(
T

s

o— <

he method(s) used for accommodating the difications to the WEC in the numerical mod
hall be documented. Changes to the WQ@can include, but are not limited to, the following:
b

¢| WEC dimensional geometry chan .

PTO component design and co&frol law.

e| Ancillary hardware (m%‘ih% system, power cable connection, WEC hardware f¢r
deployment, etc.). .\\Q

Ejach bin of the capture. width matrix, covering the range of occurrences at Location 1, shall be
selected to assess impact of the WEC modification. For each of the bins, a minimum ¢f
three model runs g different random wave seeds shall be performed for the modified WE(.

The differe etween the mean capture width of the unmodified WEC 1 and mean captuie
wlidth of modified WEC 2 in each bin shall be presented and evaluated. For the capture
wlidth rom deployment of WEC 1 at Location 1 to be used to characterize WEC 2, the
aps IQ’[} difference between the mean capture width values shall be no greater than 10 % pé¢r
b nHny bins that have greater than 10 % difference shall be populated using modelled data gs
o}

‘—
T
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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,, 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, requwes that the appropnate dlmenS|onaI|ty of the capture W|dth matrlx shaII be re-

parameters Q
Y

o| Water depth. b‘Q‘

o] Wave direction. Qq/

¢| Spectral shape and directional spreading. QQ

e| Water current.

o| Tidal range. Q)QQ

Itfcan be necessary to expand the dimensionality of the capture quatrlces to account fgr
apy parameters (additional to H,, and T,) found to have %@ajor effect on WEC powgr
performance. Each of the parameters listed shall be considered*in turn. It shall be shown that
ifclusion of the parameter in question impacts the calcula@df AEP at Location 2 by less thgn
1P %, otherwise the dimensionality of the capture width q x shall be increased to account f

that parameter.

-

Ak an example, suppose a WEC is directionally s ive and that the wave direction is relatively
cpnstant at Location 1. In this case it can still b \p ssible to neglect the directionality dimensign
when constructing the capture width matrix calculatlng AEP at Location 1. However, if the
wave directionality is more variable at Loc¢dtion 2 it can be necessary to include directionality
ifl the capture width matrix to accuratgﬁ?mate the AEP per TS 62600-101 at Location 2.

Tp test if inclusion of directionau@@is necessary in this demonstration case, both the 2P
(#mo=Te) @nd 3D (Hpo-Te—X) cdpture width matrix shall be constructed to cover the range ¢f
wave conditions observed a cation 2 (where X is a placeholder for the parameter current|y
uhder study). The comp nting procedure of Clause E.11 shall be used to fill bins in the
capture width matrix fo hich there are no supporting observations. The AEP shall He
cqlculated using boihzthe 2D and 3D capture width matrix. If the difference between the two
AEP calculations &?&ater than 10 %, then the additional dimension shall be included in tHe
cppture width m@ at Location 2.

NPTE The !’ difference limit on AEP will properly be revised in the future as more experience is gained; currenfly
itfis the s agnitude as the variability in the annual average wave energy flux.

E|l 9%/() Calculate information for each bin of the capture width matrix

smg the performance data from clause 10 the average capture width matrtx snhail 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 b
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

e

NPDTE Refer to Annex F for detailed example. \/A

E.11 Complement capture width matrix to cover range of conditions atnl/b‘

Location 2 (19
: . . : Q-
El11.1 Capture width matrix complementation requirement Q
s/
The capture width matrix may be complemented to estimate the valu @deerpopulated and
uhdefined (empty) bins. The minimum number of data records in ea in of the capture width
matrix is specified in Clause E.10. The capture width matrix may b&} mplemented by:
a) Data fitting (interpolation or extrapolation). C)&
b) Model fitting (numerical or physical). \<</
Bjins with complemented data shall be clearly identified()Vhere a model is used to complement
the capture width matrix, it shall be validated as Clause E.7. Where several methods ane
ayailable to complement a bin, the method with ast uncertainty should be used.
A\

NPTE See Annex F for an example. \\)

%
111.2  Interpolation or extrapolatio&%f the capture width matrix

ata fitting using interpolation or exeapolation may be used to populate undefined bins in th
bpture width matrix. Bins popul Téd using data fitting shall be labelled. The data fit shall b
bmputed based on the VG@Ses of observed adjoining bins. Bin populated usin
bmplementation shall not,bélused to compute the data fit.

N

DTE 1 "Adjacent bins" refers to bins which share a cell side or corner.

O0O0U m

Z

DTE 2 See Annex l‘(@etailed example.

N

E[11.3 Nur@{@al model

Al numeri model may be used to calculate the capture width of the WEC in an
uhder ated, undefined bin of the capture width matrix, including those where performandg
o] differs by more than 10 % from WEC 1. The numerical model can be validated usin

«Q

tH &rfcrmance 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.
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11.4 Use of physical model

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.

T

he 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

d

T
W
0

Q o O —

= -

(¢
6

—

m > C

==l2)

agrams at Location 1 and Location 2.

he absorbed power observed during the physical model tests shall be scaled to re ent
EC 2 to be deployed Location 2. To estimate electrical power output requires charac& izatign
the WEC PTO system.

he efficiency of the PTO system shall be characterized and reported (s Annex G). The
ficiency characterization may be based on observations from WEC opera{ien at Location
boratory tests or a validated numerical model. The method for ct@’acterlzmg shall He
bcumented and justified.

he absorbed power observed during physical model testing is QBlled by the PTO efficieng
estimate electrical power, which can in turn be used to caIcuI apture width. The combing
sult of physical model and PTO characterization shall @alldated using the performande
hta collected at Location 1 as per Clause E.7. s\\%/

.12 Calculate AEP at Location 2 using c@lemented capture width matrix
and Location 2 resource data
»

sing the performance matrix (Clause E.1g d the Location 2 wave resource data (E.5.3) the

o<

EP shall be calculated using methods ribed in IEC TS 62600-101:2015, A.5.

N
.13 Assessment of confide{t{\.%
xO
ome of the uncertaint “erelated to the AEP at Location 2 can be found |n
EC TS 62600-101:2015@ -3.
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F.

T

Annex F
(informative)

Example analysis

1 General

his annex gives a simplified example of the analysis procedure from Annex E. This example

B

3

D Q

intended to demonstrate only the fundamental character of the analysis procedure and omits

any details which are required in formal applications of this document. Q}/
his example uses for Location 1 field testing data from the Wavestar prototype at Danigh
st site DanWEC in Hanstholm facing the North Sea. The field testing data-set fr, ) ocation |1
used to characterize the performance of the prototype, and estimate energ duction at|a
bcond location near Fjaltring, Denmark (Location 2). '\Q

/
DTE Location 2 was selected by the authors of this document for demonstration pu@ and based on available
bve data; it is not intended to represent the intentions of Wavestar Energy. q/
.2 Description of the WEC technology &%
he Wavestar prototype consists of two floats each with %meter of 5 m. Each float activatgs

hydraulic cylinder that via a hydraulic system drives ®lectrical generators connected to the

ectrical grid (see Figure F.1). Q
Q)

IEC

Figure F.1 — The Wavestar prototype (diameter of each float is 5 m)
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F.3 Assess and characterize wave resource related to Location 1 and
Location 2

4

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.

bcation 1 measured parametric wave data, provided by Wavestar, are presented in Figure R.]
bcation 2 wave data from wave measurement buoy 2031 were provided by Aalborg Unjver,
hd originally supplied by Kystdirektoratet/The Danish Coastal Authority and are descéo'e

lause F.5. Qq/b‘

his simple example does not provide complete details of the wave resourcq’a Locations
- 2. Formal applications of this document will require a complete met
lause E.5 and IEC TS 62600-101:2015. ,

QQ

Table F.1 — Locations 1 and 2, basic inforng@n

-~

OV —r—

OO -

study as p¢r

[N

Location ,Q(Qh Duration
Lo m
1 Hantsholm, Denmark 57,128714° N, 8,620302° E &Q(/ 5,0 Feb 2012 to Jan 2013
\
2 Fjaltring, Denmark 56,476082° N, 8,058019}EO 17,5 Dec 1991 to Feb 2009

O

-istiansand

pe

- ) ‘”
O )‘E,Jk

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

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]".

Wave energy flux was estimated based on the parametric wave height, period values@’the
gfoup velocity which was calculated as a function of water depth and wave energy p%'{o

rg.. Q- )
J= T,,h)H F.
Q/
Q)Q
The mean annual wave power resource is 4,4 kW/m. The wave%é.@er flux matrix is shown [n
Flgure F.3. In each bin is given: &
e| The average wave power per bin, J . C)
. , ¢

| Minimum wave power per bin, AJ .
o] Maximum wave power per bin, vJ . QQ

e| Standard deviation of the wave power per %
e| Number of records in that bin, ».
N
o
4\
xO
) \1:
S
O@
N
Q.
O
3
N

T Numbers in square brackets refer to the Bibliography.
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Figure F.3 — Location 1 wave energy f \matrlx Hantsholm, Denmark (based on
measured data from Wavest rototype Feb 2012 - Jan 2013)

.5 Assess and characterize &&/e resource at Location 2
4\
ave resource data at Loa@on 2 was obtained as wave parameters derived fro

m
easurements buoy 2031 (Fjaltring, Denmark)2. Wave height and period parameters from th|s
oy were provided as ificant wave height H, and mean wave period To5,- Thede

to X

hrameters were convert H,,0 and T using the relations provided in [1]. Wave energy flu
as derived from H, nd T, using Formula (1) found in [1].

>

summary of the wave climate at Location 2 is presented as a wave energy flux matrix show
Figure FQ_ he mean annual wave energy flux is 7,8 kW/m.

g
Q/Q

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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Figu@?ﬂ — Location 2 Wave Energy Flux Matrix, Buoy 2031 (Fjaltring, Denmark)

F.G\Q/CWEC power capture data at Location 1

Clause F.6 presents the aspects of Clause 10 of this document performance assessment
necessary to support the assessment of performance at a second location.

Electrical power was measured at the output of the generator, calculated by multiplying the
voltage and current. Electrical power data was provided in intervals concurrent to the wave
measurements. Included with the electrical power data were flags to indicate when the device
was in normal operation mode and when the associated performance data was invalid.
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The capture width matrix was calculated as per Clause E.6. Only records with both valid wave
and performance data were used in the calculation. Operating policy for the Wavestar prototype
specified a cut-in and cut-out significant wave height of 0,5 m and 3,0 m respectively. As a
consequence of that policy, the average capture width of bins with significant wave height
smaller than 0,5 m and larger than 3 m have been set to zero. The capture width matrix is given
in Figure F.5. Text in each bin of the figure gives:

e The average capture width, cw .

e Minimum capture width, A cw.

e| Maximum capture width, v cw . Q)
o| Standard deviation of the capture width, o . b&Qy
e| The number of records in that bin, ». Q‘l,

tlis notable that some bins with H,,; < 1,0 m have a negative minimum cap;@idth. Negative

cppture width values occur for these sea states because the ancillary s ms of the WE
g¢quire more power than it is generating so that the net production is n ive.

ﬁ
O

35 ‘OQ) .
3
2,5
5
4 2
3 L=15
= /\L=6,7
M:OE V¢L== 2,4 E
15 + 2
AL
VL
o
1 ’
0,5
0 0,5

Q*QQ Te (s) I8

DTE @erpopulated bins, outlined in red, have less than 3 records, undefined bins are empty.

Z

\Q/ Figure F.5 — Wavestar prototype capture width matrix Location 1

F.7 WEC model validation

Either a numerical or physical model, or both, of the candidate WEC technology is
recommended when applying this document. The computational WEC model used in this
example was developed and executed by the Wavestar team. The results from the model,
summarized as an electrical power performance matrix and published in [3], were used in this
example assuming ancillary load of 1,2 kW. The matrix as published is defined in terms of H

and Tp,.an: it was converted to H,, and T, by using the location specific relations in [1] and
linear interpolation. The resulting power performance matrix is presented in Figure F.6.
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T

he simulations which were used to generate the power matrix were based on observed wave

conditions at Hanstholm. While it is likely that most non-zero bins are based on three or more
simulations, we do not know the exact number for this example. Formal uses of this document
will require that number of simulations used to calculate the average capture width in each bin
is clearly stated.

Iz Lomar)
TTmo Y

us)

T O

T W S5 O I

wlave power as the observations. T.h&) odel error is calculated as in Formula (E.1).
\

ﬁ—|

3,5f

2,5

N

o
Pgec (kW)

0,5

N

~ 10 12 14

Ty (s ° Q
() QQ

. . N .
Figure F.6 — Numerically modelled \Qctrlcal power matrix, adapted from [3]
%

he electrical power matrix was conv ?&j to capture width assuming the same bin-average

ins from the observed capturo\@idth matrix with less than three records were not used in the

bmparison (see Clause F.%&The resulting modelled capture width error matrix is shown |n
gure F.7. AN
brger differences i pture width of up to 54 % are observed near the wave steepness linit

the matrix. In t area the model likely fails to capture the highly non-linear nature of the
bar breaking wﬁl)es. At the lowest wave height and period, the observed capture width is small,
b that the ent difference appears very large. In bins contributing most to the powgr
'oductiob e matrix, the capture width difference is generally less than 10 %.

he may be calculated using both the observed and modelled capture width matrix as pgr

62600-101. Using this approach, the AEP based on the observed and modelled capture

P PR 24 oo n v ng DR 7S WiV T o : oo P P 40/
AT Tatrices dre 71,09 VIVVIT daitad 71, 7o WVIVVIT TESPCCLLUVETY, a UNTCTCTILe UT'1ICSSS Uliall T /0.
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7, ®) ,{O

Figure F.7 — Model validation indicating perc fference in capture width
between observations and model ( del-observations)

FL.8 Calculate capture width matrix foK\ e at Location 2

F|8.1 Assess the appropriate dimeg{s\@nality of the capture width matrix at

Location 2 B\
In many cases the prevailing met €an conditions at Location 1 and 2 will differ significantly.
Al detailed in Clause E.9, it is i “értant to assess how differing metocean conditions betwegn
the two locations can impact calculation of AEP. Particular attention should be given fo
h

tHose metocean parametetsalzhich are not included in the dimensionality of the capture wid

nmatrix. C)\\

.

>

The depth differen @et’ween Location 1 and Location 2 is notable and warrants investigation.
However, for t&;{}xample, it is assumed that a complete sensitivity analysis has beeg
cpmpleted as Clause E.9 and the findings show that H,,, and T, are sufficient fo
c

1aracterizQ_ ‘WEC performance at both Location 1 and Location 2.

Formé;%es of the document will require justification based on the full metocean study.

In this example, the appropriate dimensionality of the capture width matrix at Location 1 and
Location 2 are assumed to be the same, therefore the observed capture width matrix applicable
to Location 2 is the same as that determined for Location 1 (Figure F.5).
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F.9 Perform quality assurance on capture width matrix for application at
Location 2

To ensure a reasonable estimate of the average capture width in each bin of the capture width
matrix, Clause E.10 requires that there are at least three performance records per bin. Bins of
the capture width matrix not meeting the three record requirements are outlined in red in
Figure F.5. These bins are noted as 'underpopulated' and removed from the observed capture
width matrix.

|

.10 Complement capture width matrix to cover range of conditions at A

Location 2 Q}/

o

n Figure F.4, the Location 2 wave power flux matrix, the populated region of Q,observe
hpture width matrix is outlined in black. Bins not covered by the capture width | ix shall b
bmplemented in order to calculate the annual energy production at Locatior@’

N
s outlined in E.11.1, empty bins of the capture width matrix may be esti ed using data fittin
chniques provided there are valid adjacent bins. Here ordinary least- res linear regressidg
hs been used to interpolate the value of the empty bins, based 0(8% values of the adjacen
ns including the corners. &c)

000
S Q ®

—

Ak also outlined in E.11.3, a validated device performan G:uumerical model may be used f
eptimate the performance of any bin in the capture widt rix. Here the Wavestar numeric
nmodel, described in Clause F.7, is used to estimate capture width of all bins with waJe
0 >
A

=)

ccurrences which have not been defined by wave nfgasurements or the data fitting proceduré.
dditional information on the Wavestar performa model can be found in Appendix B of [4].

N\
Fjgure F.8 gives the Wavestar prototype (‘(&;%ture width matrix, complemented for use at
Lpcation 2. Fitted bins are indicated with achlue border and the word 'fitted’, modelled bins are
irdicated with a black border and the wo@'model'.
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DTE Bins not measured at Location 1 have been fitted (blue outltgg)\or modelled (black outline).

Figure F.8 — Wavestar prototygi(capture width matrix
for Location 2. FjQ g, Denmark

>
F.11 Calculate AEP at Location 2 using complemented capture width matrix
and Location 2 resource data>

Z

(@)

sing the complemented Wavesta‘&?rototype capture width matrix for Location 2, the AEP |s
eptimated using the resource dﬁ'@ at Location 2 as specified in IEC TS 62600-101:2015, A.6.2.

X 0&
Nt
.12 Assessment of@nfldence

-n

Alssessment of un@nty is performed as specified in IEC TS 62600-101:2015, A.6.3.

O
O 3
D
&
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Annex G
(informative)

Power take off efficiency

G.1 General

The PTO converts the energy of the prime mover into electrical energy. The PTO efficiency at
Idcation 1 can be parametrized. The parameterization can be used to predict the PTO effici\%ny
af location 2. The PTO is all the equipment, electronics, and instrumentation betweeQ/ e
cpnnection to the prime mover and the electrical output as described in 8.1 WEQ@U it
tgrminals. Measurement of loads in the WEC and PTO shall be done in accorﬁ/&ace with
IEC TS 62600-3. (l,

>
G.2 Absorbed power N
Q/
Absorbed power (P,,¢) is the amount of wave power absorbed by the %&9 The absorbed powgr
should be measured at the connection between the WEC motion afid)the PTO. The connectign
bptween the waves and the PTO connection can be: &Ci)
o| Mechanical. <</C)
| Pneumatic. \\
e| Hydrodynamic. Q
The absorbed capture width for the WEC is the t|Qe -averaged absorbed power divided by wave
ppwer, 9.2.3, Formula (G.1). \S
%7
\\g\ Fabs
$ CWabs ZT (G )
N
xO

\\ Mechanical pneumatic
C) hydrodynamic connection Motor Generator

/

a4

\

Grid connection

VAW,

Absorbed power location

IEC

Figure G.1 — Overview of Power Take Off System

NOTE The measurement of the absorbed power requires instrumentation located as near to the connection of the
WEC to the absorbing location as possible. It is prudent to determine the loss in absorbed power between the
instrumentation and actual absorbing location.
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G.3 WEC Power take off efficiency — location 1

The PTO efficiency is measured at location one. The PTO efficiency is defined as the electrical
power output divided by the absorbed wave power. This definition can be converted into capture
width with the PTO efficiency defined in Formula (G.2).

cw
= (G.2)

»w aozoT o

’7PTO CWabS

Y
he PTO efficiency is likely to be sea state dependent and therefore should be deter&%gd for
hch binned sea state. Q

.4 Example calculation of PTO efficiency ,\QQ

bwer should be measured as close as possible to the WEC abggrb . The location will b
entified on the drawing of the WEC. Corrections for the r% urement location will b

Q/
he following is a sample calculation of PTO efficiency based on meas@d data. The absorbgd
r e
e
e G.1 and PTO efficiency |s

bcumented. The capture width of the absorber is shown in ZKQ
hown in Table G.1.
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G.5 Power take off efficiency — location 2

The PTO at location 2 may be modified from the PTO at location 1. The efficiency of the modified
PTO will provide a method to estimate the electrical capture width at location 2. The concept of
operation of the PTO at location 2 should be the same as the PTO at location one. The PTO
can be divided in three basic components:

Interaction connection between the PTO and wave power resource.

—

Z

D Z

|

Viotor: A

Generator. Q},
he efficiency for each basic component is given by Formula (G.3). (Lb&
Q
P Q-
n=-2u N (G.
Rn V4
Q
Q
O
Qv

DTE 1 Changing component size will make scaling easier. %

DTE 2 Using the efficiency for each component making up a basic co@nent can increase the accuracy of tl
timated efficiency.

brmula ((G)Q;%
3
N

N\
he total efficiency of the PTO is each of the compél\ent's efficiencies multiplied togethgr
brmula (G.4). Q
Q:
Ty = 1 11 (G4
ae i
\g‘&
R\
here
. O
oTO PTO efficiency N
Efficiency of jth @\xnponent
Number of@m’ponents
he estimated (@gpure width is the PTO efficiency times the WEC absorbed capture widt

CW = CWaps X t1pr0 (G.9

=

The PTO and PTO component efficiency should be estimated based on computational models
validated against bench testing or data obtained from absorbed power measured during field
testing at Location 1 (see example in Clause G.4). How the PTO efficiency has been estimated
and with how much confidence these results can substitute field data should be reported by the
user. If a physical experimental model is used as described in E.11.4 the absorbed power
typically is measured. To calculate the electrical power produced the efficiency of the PTO shall
be characterized.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 100: Electricit Juci ters

Power performance assessment

FOREWORD

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

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

T

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

4] In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in théirnational and regional publications. Any divergence betwed
any IEC Publication and the corresponding natiopal or regional publication shall be clearly indicated in the lattq

A |

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

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

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

OasSa

8] Attention is drawn/tothe Normative references cited in this publication. Use of the referenced publications fis
indispensable forthe’correct application of this publication.

9] IEC draws attention to the possibility that the implementation of this document may involve the use of (h)
patent(s). /EC.takes no position concerning the evidence, validity or applicability of any claimed patent rights jn
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), whi¢h
may be required to implement this document. However, implementers are cautioned that this may not represept
theslatest information, which may be obtained from the patent database available at https://patents.iec.ch. IHC
shall-not be held responsible for identifying any or all such patent rights.

IEC TS 62600-T00 has been prepared by [EC fechnical commitiee 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

= T

I,

S> o0 o o

»w n -

>

UIT information on the voling for Its approval can be found In the report on voiing indicated
e above table.

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

=)

his document was drafted in accordance with ISO/IEC Directives, Part 2, and.developed
ccordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
bscribed in greater detail at www.iec.ch/publications.

list of all parts in the IEC 62600 series, published under the ,general title Marine Energy
ave, tidal and other water current converters, can be found ofi the IEC website.

he committee has decided that the contents of this document will remain unchanged until the
ability date indicated on the IEC website under webstore.iec.ch in the data related to the
pecific document. At this date, the document will be
reconfirmed,

withdrawn, or

revised.

MPORTANT - 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 understanding
bf its 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
affd processed from testing of wave energy converiers.

The expected users of the document include:

¢| Device developers who want to validate the performance of their wave energy(converter.

¢| Investors who want to assess the performance of a device developer's -wave energy
converter.

e| Project developers who want to assess the performance of -fheir project against
manufacturer's claims.

o| Surveyors contracted to carry out the assessment.

| Conformity assessment, test laboratories, and certification:

o| Project developers — income, return on investment

¢| Device developers — performance of device

o| Utilities and investors — reliability/predictability of«supply, return on investment

¢| Policy-makers and planners — usage of seascape, optimisation of resource, power supply
issues

¢| Consultants to produce resource data/due diligence — compatible/readable data format

Aph essential element for any published, Technical Specification or International Standard is fo
allow an opportunity to provide feedback on its contents to the appropriate TC 114 Working
Qroup. TC 114 utilizes a standard-methodology to allow this.

Tp submit feedback such. as proposed changes, corrections and/or improvements to th|s
dpcument, please send an email to the TC 114 Chair using the Contact TC 114 Officers featuile
oh the IEC TC 114 Dashboard, accessible at www.iec.ch/tc114. On the right side of the
ashboard under Further information select the link to contact the TC 114 Officers. On the

ifformation can be made available (note attachments are not allowed). The Chair may reque$
afded information as needed before forwarding the submission to the remaining TC 11
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MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

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

ave Energy Converters (WEC) are designed to operate efficiently at different, locations.
ystematic methods are used to evaluate the power performance of a WEC at a second locatign
ereinafter Location 2) based on power performance assessment at a first location-(hereinaftgr
pcation 1). The degree of similarity of the measured WEC (WEC 1) andothe metocegn
pnditions at Location 1 to the secondary WEC (WEC 2) at Location\2 determine the
ethodology and the applicability of this document.

his document applied in conjunction with the IEC Technical Specification on wave enerdy
source assessment and characterization (IEC TS 62600-104), provides a method fIr
stimation of the mean annual energy production of a WEC, assessing the electrical pow

foduction performance of a single, non-array, wave energy\converter, at Location 2 based dn
e performance at Location 1.

he scope of this document includes:

All wave energy converters that produce electrical power from wave energy.
All sea resource zones (near and offshore;deep and shallow water).
Capture width matrix transposition frotm one location to another.

Limitation on the changes that are-allowed to the WEC and the specification of the location.

Wave data required at Location 2, as a minimum the requirements found |n
IEC TS 62600-101.

Development of the capture width matrix at Location 2.
Validation of the capture width matrix at Location 2.
Assessment of uncertainties in the derived performance parameters at Location 2.

Requirements for the allowable power performance transfer by geometric, kinematic and
dynamic similarity.

Requirements for the allowable incorporation of additional empirical model data.
Requirements for the allowable incorporation of additional numerical model data.

The/document applies to commercial scale wave energy converters that are:

1)\ caomnlisnth maoorad
SOMmprattry THoorear

T

w7
2) tautly moored.
3) bottom mounted.

4) shore mounted.

he 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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) Environmental issues.
Operation and maintenance.

) Annual energy production (AEP).
his document provides a systematic method which includes:

measurement of WEC capture width in a range of sea states.

transposition of capture width from one location to a second location.

(v bk b ) 1 £ n bl 1 "
diT ayrccu irdificwUTR TUT TTPUTLITTY T TToUTLS UT LAPLUTT WIULTT altua wdave TTTITdsSUTTITITTILS,.

development of parameters for the modified WEC for the second location.
his document provides:

guidance on the use of observations from Location 1.

methods for assessing and reporting the validity of numerical and physical models.
limits on the permissible changes to the WEC between Locations f-and 2.

limits on the use of data fitting techniques, and

requirements for reporting.

he wave power industry is at an early stage of development. There is little practical experienc

ith field-scale WECs deployment. Because of this, the present document will be subject f{
nange as more data is collected and experience with wave energy converters develops.

Normative references

he following documents are referred to in-the text in such a way that some or all of their conte
bnstitutes requirements of this document: For dated references, only the edition cited applie
br undated references, the latestiedition of the referenced document (including an
mendments) applies.

EC 60688, Electrical measuring transducers for converting AC and DC. electrical quantities
halogue or digital signals

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

FC 61869-2, . Instrument transformers — Part 2: Additional Requirements for curre
ansformers.

EC 61869-3, Instrument transformers — Part 3: Additional requirements for inductive voltag
ansformers

estimate of the capture width of a modified WEC at Location 2. This work would include,the

—

n

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 —

P

art 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');
https://iecnorm.com/api/?name=b9dc9c408713d1a6a820fee4b87f815b

IEC TS 62600-100:2024 © IEC 2024 -1 -

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

w

1 Terms and definitions

Z

o terms and definitions are listed in this document.

$0 and IEC maintain terminology databases for use in standardizatioh. -at the followin
afldresses:

IEC Electropedia: available at https://www.electropedia.org/

ISO Online browsing platform: available at https://www.iso.ofgtobp

w

2 Symbols, units, and abbreviated terms

n

pbr the purposes of this document, the following symbgls, units, and abbreviated terms liste
Table 1 apply.

=

Table 1 — Symbols, units, and abbreviated terms

Symbol Definition Units
Ciable total positive sequence line-to-lihe capacitance of subsea cable farad
Ci group velocity at frequeney component i m/s
Cpi phase velocity at frelquiency component i m/s
f frequency Hz
Jo peak frequendy
Ji frequency at component i Hz
Ji freqUency spacing Hz

directional spreading function

X NOTE 1 [G(0,/)xd0 =1 e
h water depth m
mo spectral estimate of significant wave m

s significant wave height m

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
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Symbol Definition Units
cw capture width m
A CW maximum capture width m
v CW minimum capture width m
[0}/ 4 average capture width m
CW odel.i model capture width for /" bin m
CW easuredi | 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
PF cas power factor -
Proas real or active power W
Pyenwec power generated by WEC W
Poss cable power loss component w
PTO power take off
Oneas reactive power VAR
R able total positive sequence resistance of subsea cable Q
m?2
S variance density -
Hz
m?2
SN variance density as function of frequency i
Hz
spectral density at WEC m?2
SUwee —
equals T(f,t,0,h,...)x S(f) ymi Hz
2
LA — PP m
DU TWMI SPeTrar aerrsity at vvivi p—
Hz
S(/. 0) Directional wave energy spectral density m2
’ S(f)xG@, f
(/) G(0./) o—
SCF.0) Directional wave energy spectral density m?
»YIWEC S(f)x G0, f)at WEC
(f)xG(, f)a Hz - 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(f, ¢, 0, h,...) a
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 \%
Ueas line-to-line RMS voltage
Vo1e: V1o WEC side positive sequence voltage
Vo2> 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 Degrees®
voltage phase ahgle Degrees®
current phaseangle Degrees®
Moto power take off efficiency -
CF(X) Centre frequency fraction of errors that lie within the limits of £ X % %
4| Sequence of work
Fljgure 1 shows the sequence of work for the assessment as described in this document. Th
ple=testsections—shrattbeconductedprior-to-the-testingperrod—otowingthetestingperiodt

post-test sections shall be conducted.
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5
A

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

1 General

n analysis of the prospective test site shall be undertakendo ensure that it is suitable for power
ssessment of a WEC. The incident wave climate shall be evaluated to ensure the capture widih
atrix can be populated. To infer the incident wave poWwer at the location of a WEC, the effe¢t

bathymetry and metocean parameters and conditions on the incident wave climate shall be
Lfficiently analysed to determine whether a transfer model between the Wave Measurement
strument (WMI) and WEC will be required. If;a transfer model is required, the analysis shdll
Ipport the development of a suitable transfer.model.

2 Measurements
2.1 General

he boundary of the test site shall be defined and documented. The main physiographic and
ceanographic features of the study area shall be identified, especially those features that
fluence wave propagation'and thus the wave characteristics at the proposed WEC location.
bcations and time periods of all measurements will be recorded.

cases where a-wave propagation model is necessary to infer the wave characteristics at the
EC location,thetest site boundary should be considered the wave propagation model domain.

2.2 Wave characterisation

WMLshall be deployed at the proposed WEC testing location prior to WEC deployment. |A

S

bcorid 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) wave direction.

d) directional spread.
e) spectral width.

In addition to wave parameters mentioned, the following environmental parameters shall be
r¢corded:

f)) water depth including tidal effect.

g) tidal or ocean current speed and direction.
h) wind speed and direction.

i)] density of water.

j)] occurrence and thickness of ice.
Plarameters from the lists (items a-j) that have not beén recorded, and thus not included in the
d

bvelopment the capture width matrix, shall be identified and the rationale for their exclusio
jystified.

=}

—

he preferred characteristic period is the.€nergy period, but additional characteristic perioqs
ay also be calculated. These include the peak period and the zero up-crossing period.

3

()]

2.3 Tidal or ocean currents

Clurrents at the test site shall_be recorded and documented through a current measurement
instrument. The current speed and direction data shall be measured simultaneously with the
wlave measurement and shall extend over a minimum of 30 days. The sampling period shall be
almaximum of 10 minutes. At least one current speed and direction record will be taken from
the upper half of thewater column during the deployment period. The primary purpose of current
records is to facilitate the development of a model of the area. Tidal and non-tidal currents sh3ll
bge estimated and-differentiated.

It|is recommended, however, to measure current velocity and directions at different points of
the water'column in order to adequately describe the velocity profile at the site.

524 Fidal-elevation

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

NPTE It is expected that this will be the case for a well-chosen deep-water test site.

Iffthe condition is not met, then a spatial transfer model shall be generated and validated. The
spatial transfer model can either be an existing modelling program or a custem modellin
pfogram. The modelling program shall be validated. The accuracy of thewmodel shall b
determined as shown in Annex D.

D Q@

2.8 Modelling of the test site

5

The spatial transfer model shall predict the spectrum at the WEG based on the spectrum at the
WMI. The test site should be modelled to assist in the development of a spatial transfer mode|.
T
1

5

he spatial transfer model shall be acceptable if it predicts thejenergy flux at the WEC to with
D,0 % of the measured wave energy flux for 90,0 % of the{data recorded according to 5.2.2.

Z

DTE The spatial transfer model would generally be in the forf:

S(f.Owec =T(f,68:h,...) < S(f,0) s P

6( Methodology

[=2)

1 General

This document governs the'methodology for measurement, analysis and presentation of dafa
g assess the power performance of an electricity generating WEC.

—

The sea state incident at the WEC shall be measured to the accuracy specified in Clause T.
The sea state_ measurements shall be analysed to give the parameters for each samp
fficient to.describe the sea state as specified in Clause 7.

n
(0]

The electrical power production at the WEC shall be measured to the accuracy specified
Clause 8. The electrical power production measurements shall be analysed to give th
phrameters for each sample sufficient to describe the electrical power production as specifig
in Clause 8.

=}

o o

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
v Y Y
Sea state Electrical power Meta data
parameters parameters header

N ¥ Y

Aggregated data _ Performance
records o database
Y
Capture width

IEC
Figure 2 — Data flow diagram

2 Sample duration

D min. It shall be reported at least every hour.

pgor characterisation of the sea state.

3  Simultaneity

nchronized so that the sea-state incident at the WEC can be correlated with WMI records.
i§recommended that WMIl.data be recorded simultaneously with WEC power data for a minimu
of one half of the sample~duration.

The spatial transfér model shall be used to correct any time delay between the measuremen
ken at the WMI_and the location of the WEC. The correction for the time delay will not affe
e simultaneity~of the measurements.

— —
=)

6/4 Data recording

6/41 Amount of data to be recorded

6

The parameters describing the sea state and electrical power production for each sample shgl
be recorded as specified in Clause 7 and Clause-8< The minimum sample duration shall be
2

NPTE Sample duration will affect the accuracy of the’measurement. A short sampling duration can result in the

6

The measurements from a WMI and WEC power output shall be measured at the same time {o
pfovide correlation between sea-state and WEC output power. WMI and WEC data shall be
S

s
Ct

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

interest. 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
capture width matrix for a WEC. Clause 8 provides the methodology for analysing.the wave
d

S

Q

Ata in order to characterise the environmental conditions. The minimum samplé frequengy
nall be 1,0 Hz.

712  WMI calibration

~

2.1 General

—

he WMI shall be verified by the vendor through a factory aceeptance test. This shall include
a minimum:

V]

Any operating limitation of the WMI.

Calibration of the WMI accuracy over the operating range.
Last calibration date and calibration interval of the WMI.
The calibration method.

The type of data that is output by the WMI.

® QO O T Q©

712.2 General

—

he post deployment WMI locationor locations shall be selected to:

[V

Best represent the sea state at the WEC deployment location.

O

Minimize the WMI's impact on the waves at the WEC location.

(¢

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

he effects of reflection, radiation, diffraction, and shadowing of the wave field shall He
bnsidered when-assessing impacts.

o -

~

2.3 Direct measurement

irect_measurement can be used if the site investigations as specified in Clause 5 have n¢t
rgvealed any significant variations in the sea states between the WEC and WMI. The WMI daf

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.
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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
oh power production. Since there are several factors that can affect the WEC power production,
depending on its type, awareness of any correlation between power production and a specific
phrameter should be sought and reported. A listing of the parameters is included in 5.2:2-As|a
minimum requirement, the significant wave height estimate H,,y, the wave energy-period T},
a
a

nd the wave energy flux per unit width J shall be calculated using the measuredywave dafa
nd reported.

ther parameters that have a significant effect on the power production ofthe WEC shall algo
b recorded and calculated. The calculation of any additional parameters shall be defined and
gported in sufficient detail to allow for repeatability (see AnnexcC)’ The accuracy of the
blculated parameters shall be given, according to the uncertainty estimation defined Ry
$0O/IEC Guide 98-1 and ISO/IEC Guide 98-3.

= O 0

a O

Directly measured parameters will be expressed with indication of absolute error. Specificatior|s
oh the type, location, calibration, and accuracy of the measurement instrument shall be given.

714 Procedure for the calculation of derived parameters

Wave data shall be described by wave spectrarwhich provides information on how the wave
elevation variance is distributed with frequentey.

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

measurement instrument and. sampling rate. The spectral frequency range used for
calculation should be between\0,033 Hz and 0,50 Hz with the number of frequency bins
determined from data analysis. Frequency bin width should not exceed 0,015 Hz.

b) The frequencies shall .be‘“defined using either a geometric progression where the ratfo
between two adjacent-frequencies is constant, or a fixed frequency spacing. In either cage
the maximum frequency bin width shall not exceed 0,015 Hz.

Currents can have'a significant effect on wave and power parameters due to Doppler shift.
Refer to 1ISO19901-1 for the correction procedure. If the ratio of intrinsic to apparent waye
frequency «s between 0,9 and 1,1, corrections are not required. Any corrections from
apparentytotintrinsic wave shall be clearly noted.

c) Frequency moments of the variance spectrum m,. The moments of the spectrum from
n &1 and n = 0 shall be calculated from
m, =) f; "SitV; (2)
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:

H,,0 = 4ymy (3)
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The energy period T, is defined as:

Te:Tf1O Z—_1 (4)

The wave energy flux per unit width J (omnidirectional) is defined as:

J = pg cy i SyMAD, (%)
i.j

where
g 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

The group velocity is defined as:

1 [y, 2k |
C .= —C.,.; —_—
&8 7277 T sinh(2k,h) ®

The phase velocity is defined as:

@ /k%tanh(kih) M

where

k; is the wave numberiat frequency component ;.

NOTE 3 In deep water conditions, where deep water is defined as a water depth to wave length ratio greatgr
than 0,5, Formula(5).simplifies to:

2
pg” 2

NOTE 24— The ditectionaiity of the sea state 15 important when the WET 15 difectionalty 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

NP R Aa-afiararlefra-chran-oiii b0 ll= _on L1o\ | + B it A—crreial Py tH
CJIIIIIIUIIIy GoSC U TTCTWUTN TTCUUTTIOYy (G Y- VU T T, U0 T T4, arma ata ooummmoTTy " oSCUygTrTa o oUTIm o Ot n

voltage level (e.g. 400 V, 6,6 kV). These details shall be clearly stated.

The output terminal point shall be clearly stated.

o)

2 Power measurement point

The power measurement point should be at the electrical output terminals of\the WEC.

When this is not possible the power measurement point shall be at a\point where other effec{s
(guch as losses due to cables or other electrical components) between the measurement point
apd the output terminals may be determined. In this case the methodology for these correctior|s
shall be fully detailed. Power loss correction is only permitted for transmission equipment thIt
i required for measuring the electrical power at the WEC output terminal. The pow
nmeasurement point shall be clearly stated. In the case where the power measurement point
d[ffers from the output terminals the justification shall be;made.

NPDTE 1 Annex B contains a method for cable loss compensation where the measurement point is located on shor

1)

NPTE 2 DC power transmission is not included in this document.
3 Power measurements

3.1 General

o 3

nergising power and necessary-ancillary loads on board the WEC. The power shall be recorde
ith a minimum sample frequency of 2 Hz, the power signal having been subjected to a suitable

8
8
The net electric power of the WEC shall be measured, inclusive of any reduction due to syste
"
apti-aliasing filter.

The mean, standardideviation, maximum and minimum of the digitized values which occur iIn
epch sample shall‘be recorded.

8(3.2 Limitations on power production

In the_case of an AC grid connected WEC, an assessment shall be made of any potentia
limitations imposed on WEC power export capacity due to the grid connection. These cgn
irclude 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:

power transducers: IEC 60688.
current transformers: |IEC 61869-2 and IEC 61869-1.
voltage transformers: IEC 61869-3 and IEC 61869-1.

The operating range of the power measurement device shall be sufficient to include all positiv
peaks corresponding to net generation and all negative peaks corresponding:\fo net importe
ppwer. As a guide, the full-scale working range of the power measurement device an
trensducers should be at least:

[eXNNeNN())

e| export: 1 % to 200 % of rated power.

o| import: —1 % to —-50 % of rated power.

—

Al the low power range of the device's rated capacity, where_the working range of the curren
measurement device does not allow for an accuracy better than £3 %, the power recorded
should be zero. At the low power range where the working range of the transducer does allow
fqr accuracy class 1,0 measurements, their measured values shall be recorded.

NPTE It is important that current transformers are specified correctly as they become non-linear for low currengs
(45 % of their range or thereabouts).

9 Determination of capture width:matrix

1 General

9

The capture width matrix will be"used to determine the effective operation of the WEC. Th
capture width matrix shall use'a normalised capture width for each bin. The normalized captur
wlidth shall be calculated/using the average value of the capture widths in the bin. The captur
wlidth is determined using the parameters derived in 7.2 and then calculated in 7.4. The captuf
wlidth matrix is less sensitive to the sea-state parameters and thus less affected by the metho
of bins. In this case the capture width matrix should be produced as detailed in 9.2.
Fprmula (9).

o oD®ODD®Oo

"

NPTE The~annual energy production (AEP) is estimated in IEC TS 62600-101. The capture width |n
IHC TS 62600-100 is a calculated value. The capture width in IEC TS 62600-101 is calculated usin
IHC TS62600-100. This allows for a common method to compare predictive to measured capabilities of a WEC.

[¢e]

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

T acanturaaidith 1o Anal ta tha At Alactris Ao Ar oo
rC—CoptarcwWwTatm o C oo to— e e oo ot poweT—Cap

9(2.4 Representation of the capture width per bin

r} cases where only significant wave height, H,,q and energy period{I§ are used to define th

e
capture width matrix a table can be used to fully represent the.capture width matrix. Where
nmore indices are used to define the capture width matrix the sighificant wave height and enerdy
pgeriod should continue to be used together to organise the~data sets to facilitate usage with
wave climate scatter diagrams.

Ejach bin of the capture width matrix shall contain atdeast the following information:

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

b) the standard deviation of the capture width of 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 the data sets in the bin;

e) the number of data sets in the hin-

NPTE It is recognized that some sites’/can have very different spectra for the same (mean) wave direction, fpr

ample combining ocean swell withllocal wind driven seas. Be aware of the limitations of the methodology.

0]

The average and standard deviation of the capture width for each bin is calculated according
g the formulae:

—

1 M
CW=HZCW,- (10)

K
g=|—>(cw. - cw) 1)
M=t 7

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.
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10.2 WEC description report

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

WEC make, type serial number, production year.

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

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

-—

z

g

D.3 WEC test site report

he WEC test site shall be well defined in accordance with details described in Clause 4. The
st site clause shall include as a minimum:

N

DTE’ ,The data can be presented in either hard copy or electronically. The data can be formatted tabularly pr
graphically

— actuators and moving components that transfer the wave motion to the Power Take-Off
(PTO).

Diagrams and drawings showing the mooring system, foundation and fixed barriers.
Electrical generator(s) nameplate capacity.

Description of the PTO up to the power measurement location, 8.1. This_§hall include th
rated voltage, current and frequency of all components including the generation, converte
and other equipment used to condition the power. A diagram detailingsthe PTO system an
location of the measurement point, 8.1, shall be provided. Where applicable, calculations f
account for cable losses as described in 8.2 and Annex A should™be’provided in detail.

oa.” 0

Recording sea state and wave power, 5.2.2, durifig both pre-test and testing. The following
information shall be reported for each testing period per 6.2:

— Spectral shape.

— Wave height (Hp,g, 7.4).

— Energy period (T, 7.4).

— Wave power per unit width (JJ7.4).

— Directionality of waves assmeasured (7.4).
— Directional frequency-spectrum as measured (7.4).
— Water depth including tidal variations.

— Tidal and ocean currents.

— Wind velogity.

— Temperature.

— Density of water.

— LOccurrence and thickness of ice.

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 will be
included for floating WECs.

— Mooring system drawing showing the anchor location and expected mooring line
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 testing,
5.2.2.
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— Reporting of external constraints affecting or having the potential to affect the WEC
performance or operational periods.

— Reporting the variation from the representative water density used in the calculations.

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 and
current motion shall be identified.

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

ST = -

=

— Currents from both ebb and flood tides. The direction and maximum shall be shown.
Season current shall be shown if applicable.

— Ocean currents if applicable.
ypical systems are World Geodetic System (WGS) 1984 and North AmericancDatum (NAL

D83. Other systems may be used provided they are recognized Geographical Informatio
ystem (GIS).

o=

D.4 Electrical grid and load report

rid parameters including frequency, voltage and permitted tolerance shall be provided. Any
revailing grid conditions limiting or having the potential to limii<the power output during testing
briod shall be reported.

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

D.5 Test equipment report

description of all test equipment including sensors, Data Acquisition (DAQ), WMI components
nd sensor locations shall be reported. For’éach component the minimum information shs
clude:

General description of sensor including, name, model number and serial number.
Specification sheet demonstrating ability to meet requirement.
Reporting of all user-defined settings.

Calibration documentation or certificate of conformance as well as the documentation ¢f
compliance to the.manufacturer recommended procedures. Calibration of WMIs sh{ll
include the calibration methodology.

.6 Measurement procedure report

description.of the measurement procedure, in accordance with Clause 7, shall be provided.
he procédure report shall include as a minimum:

Procedural steps, test conditions, sampling rate and time-drift considerations.

Caorraantion FANMAL caaciirad \aiang fiald caonditiana and \aiaony fiald ot \ WO 7 29 4 ond 7 92 K
CUTTCOTOTT OT vV iviT riicasSurcU wav e noTa COUTTOItOTTS arta wave noTad at vwie o, | .21 arttda 1 .Z2-9.

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

A log 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

T

he 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:

Date and time of data acquisition.
Wave height H,,,q, energy period T, and if required wave direction ¢ (calculated using 7.4).

Wave power per unit width (calculated using, 7.4 Formula (5)).

Measured output power.

Capture width.

he following minimum matrix information shall be presented:

Number of data points in each bin.
Maximum capture width.

Minimum capture width.

Average capture width.

Standard deviation.

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

D.8 Deviations from the procedure

ny deviations from the requirements of this document/shall be clearly documented in |a
bparate clause. Each deviation shall be supported withxthe technical rational and an estimafe
its effect on the test results.
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Annex A
(informative)

Example production of a normalized capture width matrix

A.1 General

Clause A.2 and Figure A.1 describe the method on how to display empirical WEC data

p
h
11
in

erformance data in a standard format. The data has been generated from simulations of
pave only point absorber WEC and is designed to closely match what would be expected fro
easured sea test data. The data has been grouped using bins, with Table A.1 to Tabte A
dicating the bin centres.

.2 Sample data

able A.1 represents an example of an extract of the averaged data gathered in an unprescribe
rmat. Wave characteristics from the measurement equipment have heen used to calculate th
ave power for the given H,j and T,. Power is measured at the output terminals of the WE

5 defined in this document.

Table A.1 — Sample data

a
m
6

O o

Date/time Wind speed | Wind direction | Wave height ::?i‘:)il At:)s:’::fd op::w:rt
(m/s) ) (m) (s) (kW) (kW)
2012-2-1 0:10 5,114 358,989 0,911 3,323 4,184 1,615
2012-2-1 0:20 4,534 358,989 0,969 3,389 4,448 1,720
2012-2-1 0:30 3,912 358,989 0,951 3,393 4,817 1,848
2012-2-1 0:40 3,382 358,989 0,905 3,308 4,074 1,733
2012-2-1 0:50 3,673 358,989 0,878 3,416 3,900 0,793
2012-2-1 1:00 4,538 358,989 0,848 3,274 3,264 1,112
2012-2-1 1:10 4,802 358,989 0,889 3,330 4,475 1,571
2012-2-1 1:20 4,706 358,989 0,839 3,234 3,349 1,196
2012-2-1 1:30 4,460 358,989 0,807 3,408 3,316 1,214
2012-2-1 1:40 4,399 358,989 0,801 3,284 3,302 1,287
2012-2-1,14:50 3,978 358,989 0,785 3,214 2,913 0,891
2012-2-4.2:00 3,860 358,989 0,758 3,259 2,544 0,823
2042=2-1 2:10 3,890 358,989 0,777 3,238 2,856 0,940
20T2-2-T 2720 3,928 358,989 0,827 3,286 3,796 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

is necessary to reduce this large data set to the standard discretisation. The bin sizes chose
re 0,5 m for H,o and 1 s for T, as defined by 942.1. The tables which follow display the valy

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

he capture width for each of the data samples is calculated on the basis of the measure
pbwer and the wave energy flux, separated into the different bins and averaged over each bi
able A.2 shows the average capture width for each bin. Empty bins indicate no measuremen
ere recorded for that combinatien of 4, and T..

[Ol=]

o
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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

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

Preferred

Preferred ) locatien
location Onshore equipment

Offshore WEC /

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

Y o 1"~ Metering
: equipment Electricity
| grid

Generating Step-up Metering
equipment  transformer equipment

: compensation |
, equipment :

IEC
Figure B.1 — Location options for metering equipment

Ideally, power output should be measured atithe output terminals of the WEC. This is referrgd
tq as the "Preferred Location" in FigureB.1. If the metering equipment is located on th
generator side of the WEC step-up transformer, this shall be noted.

[¢]

Some WECs use either energy sterage or compensation equipment, or both, that are externa
tq the WEC itself but shall be(considered as a part of it for the purposes of performande
apsessment. Typical locations for such equipment are indicated with broken lines. The
cpmpensation equipment_may be installed in series or shunt with the power flow, and auxiliafy
ehergy storage equipment.is typically installed in a shunt configuration. In such situations, or |n
sftuations where power measurement is only possible shore side, the WEC power should he
measured at the output terminals of the compensation equipment wherever it is situated, or at
RHe shore station incoming bus bars, where no compensation equipment is present. This (s
referred to as‘thé "alternative location" in Figure B.1. In this case, losses due to cables and
her components between the WEC system and the compensation equipment should he
bterminedyand the power output should be adjusted accordingly.

—

Q. O

Al methodology for losses incurred in a single connection cable is provided in the next section.

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.
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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
generatty be—determined-from-theACresistanceperkm—vatuesprovided-by-themanufacturer.
Skin effect can be taken into account if a detailed harmonic breakdown on the device outpiit
clirrent is available. This is generally of negligible impact since harmonic filters at the output ¢f
ppwer conversion equipment are designed to reduce the harmonic current components on the
glid side to very small levels. These levels are regulated by the appropriate power quality
standards in accordance with IEC 61000-3 (all parts).

Rcable Xcable
1 Y Y N
Vp1+ | | Vp2+
Ceabler2 —— Coablels —T—
Vp1-| | Vo2-

IEC

Figure B.2 — Positive sequence cable model

=

a number of cables are connected in parallel between the offshore WEC system (or arra
hd the shore side metering station, the(standard circuit theory should be used to derive the
uivalent-1r circuit of the combination of cables.

~

D Q

n order to measure the power performance and determine cable losses, one of the following
bts of measurements shall be ‘made (utilising the instrumentation outlined in the next section|):

(2]

a) line-to-line RMS voltage(Uy,¢4s), line RMS current (1,,,.,5), @and the phase angle of each (¢}
p;) relative to a common reference signal or relative to each other.

b) line-to-line RMS\voltage, line RMS current and power factor (PF\gas)-
c) real powery(Preas) reactive power (Q0a5), and line-to-line RMS voltage.

d) the outputof the WEC system (PgenWEC) is then estimated by the following formula:

Fyenwec = fmeas + Hoss (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 S'nﬂij +(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,
Ieas :\/ me;sU+Qn;eas (B.3)
-0 _ t Omeas
oy = ¢; = arctan="1¢€2% (B.4)

meas

QO

nd substituted into the previous formula for calculating P\ ¢s. An_@ssumption in thede
blculations is that the system voltages and currents are balanced, Even in the presence o¢f
mited unbalance in the system, as permitted by the relevant national grid code, these formulae
afe sufficient to estimate the cable loss compensation.

= O
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Annex C
(normative)

Evaluation of uncertainty

C.1 General

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

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

Fpllowing ISO/IEC Guide 98-1 and ISO/IEC Guide 98-3, there are two types of uncettaint
category A, the magnitude of which can be deduced from measurements, and categony’B, whid
afe estimated by other means. For both categories, uncertainties are expressed\as standar
deviations, and are denoted as standard uncertainties.

.2 Uncertainty analysis

The measurands for the uncertainty analysis are the power matrix, detérmined by the measure
ahd normalised values of electrical power production and séaszstate parameters, and th
eptimated annual energy production. As a minimum the significant wave height and enerd
period shall be considered as measurands. Uncertainties’in-measurements are converted f{
uhcertainties in these measurands by means of sensitivitysfactors.

—

able C.1 contains a minimum list of uncertainty~components that shall be included in th
ncertainty analysis.

c

Table C.1 — List of Uncertainty components

jm NN

e

Measured/model parameter Uncertainty component Uncertainty
category 2
Bignificant wave height Wave measuring instrument and model calibration B
Influenice 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
Fnergy 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
\/ariahilih/ of SRergy pnrinrl 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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