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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

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

FOREWORD

national electrotechnical committees (IEC National Committees). The object of IE€\is to prg
ternational co-operation on all questions concerning standardization in the electrical and eleetronic field
is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftémn referred to as

the subject dealt with may participate in this preparatory work. Internationaly governmental and

th the International Organization for Standardization (ISO) in accordance”with conditions determing
reement between the two organizations.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna

terested |[EC National Committees.

C Publications have the form of recommendations for international use and are accepted by IEC Na

iblications is accurate, IEC cannot be held responsible/for the way in which they are used or fo
isinterpretation by any end user.

s |

order to promote international uniformity, IEC National Committees undertake to apply IEC Public3
hnsparently to the maximum extent possible intheir national and regional publications. Any diverg
btween any IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

junl

C itself does not provide any attestation.6f conformity. Independent certification bodies provide confg
sessment services and, in some areas;“access to IEC marks of conformity. IEC is not responsible fo

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

embers of its technical committees and IEC National Committees for any personal injury, property dama

penses arising out, ef\the publication, use of, or reliance upon, this IEC Publication or any othe
iblications.

tention is drawf\to the Normative references cited in this publication. Use of the referenced publicatidg
dispensable for.the correct application of this publication.

tent rights” IEC shall not be held responsible for identifying any or all such patent rights.
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blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interpsted
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vernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
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nsensus of opinion on the relevant subjects since each technicalk eommittee has representation from all
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the required support cannot be obtained for the publication of an International Standard,

despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the

future but no immediate possibility of an agreement on an International Standard.

Technical Specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 62600-100, which is a technical specification, has been prepared by IEC technical
committee 114: Marine energy — Wave, tidal and other water current converters.
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The

text of this technical specification is based on the following documents:
Enquiry draft Report on voting
114/87/DTS 114/95/RVC

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

This

publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A Iislt of all parts in the IEC 62600 series, published under the general title Marine Ener

WaW

The
the

e, tidal and other water current converters, can be found on the IEC website.

committee has decided that the contents of this publication will remain unchanged
stability date indicated on the IEC web site under "http://webstore.iec.ch" in the

related to the specific publication. At this date, the publication will be

e T S

Q)

A bil

The

ransformed into an International standard,
econfirmed,

ithdrawn,

eplaced by a revised edition, or

mended.

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

contents of the corrigendum of April 2017:have been included in this copy.

until
data
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DRTANT - The ‘colour inside' fogo on the cover page of this publication
cates that it contains colours which are considered to be useful for the correct
brstanding of its contents. Users should therefore print this document using a

coldur printer.
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INTRODUCTION

This part of IEC 62600, which is a Technical Specification, provides performance assessment
methods for Wave Energy Conversion Systems (WECS). A Wave Energy Converter (WEC) 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 technical specification will be subject to changes as data

11 ol <l £ F £ FAY.VimlaYal
are UTNITuLiTU ariu protTooTU TTUTIT TTOlITy U VVILLUO.

The [expected users of the specification include:

e device developers who want to validate the performance of their WEC;
e ihvestors who want to assess the performance of a device developer’'s WEC,;

e nproject developers who want to assess the performance of their project against
manufacturer’s claims;

e durveyors contracted to carry out the assessment.
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MARINE ENERGY -
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

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

This| part of IEC 62600, which is a Technical Specification, provides a method for_@ssegsing
the electrical power production performance of a Wave Energy Converter (WEC), .basefl on
the performance at a testing site.

The [scope of this Technical Specification includes:

a) gll WECs that produce electrical power from wave energy;
b) 4ll sea resource zones (near and offshore, deep and shallow water);
c) the specification applies to commercial scale WECs that are:
1) compliantly moored,
) tautly moored,
3) bottom mounted,
)

shore mounted.

The [scope of this Technical Specification dees’not include:

a) \WECs that produce other forms of -ehergy unless this energy is converted into elecfrical
gnergy;

b) resource assessment;

O
-
)

caled devices in test facilities (tank or scaled sea conditions) where any scaling would
need to be carried out t¢ extrapolate results for a full scale device;

d) power quality issues}
gnvironmental issues;

f) power matrix transposition from one location to another.

This|Technical Specification provides a systematic method which includes:

— measurement of WEC power output in a range of sea states;

L A pu | ] ry
- VEOUPUWTT TITAU TA UTVTTUJTITTTTL,

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

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60044-1, Instrument transformers — Part 1: Current transformers
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IEC 60688, Electrical measuring transducers for converting a.c. electrical quantities to
analogue or digital signals

IEC 61000-3 (all parts), Electromagnetic compatibility (EMC) — Part 3: Limits

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

ISO/IEC Guide 98-1:2009, Uncertainty of measurement — Part 1: Introduction to the
expression of uncertainty in measurement

ISO/IIEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expressiqn of
unca@rtainty in measurement (GUM:1995)

)
|

ISO| 8601, Data elements and interchange formats — Information Ninterchang
Replesentation of dates and times

EquiMar: Protocols for the equitable assessment of marine energys converters, Paft I,
Chapters I.A.1 through |.A.5., Editors: David Ingram, George Smith, Claudio Bittengourt
Ferrgira, Helen Smith. European Commission 7th framework programme grant agreement
numper 213380, First Edition 2011

NDBC:2009, Technical Document 09-02, Handbook of automated data quality control checks
and procedures. National Data Buoy Center, August 2009

3 Bymbols and units
For the purposes of this document, the symbols and units listed in Table 1 apply.

Table 1= Symbols and units

Symbol Definition Units
seell, Frequency of oetlirence in the " bin Hz
Ceable Total positive sequence line-to-line capacitance of subsea cable farad

¢, Group(velocity m/s
f Frequency Hz
S Frequency at component i Hz

Energy at f distributed with angle 6

A\ NOTE +er(9 £)-dA =1 "rag
—Jﬂ'
h Water depth m
H Spectral estimate of significant wave m
s Significant wave height m
I eas Line current A
J Omnidirectional measured wave energy flux W/m
J; Omnidirectional measured wave energy flux per bin wW/m
L Capture length m

L Capture length per bin m
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Symbol Definition Units
M Number of data sets in a bin -
MAEP Mean Annual Energy Production Wh

m, Frequency »"" order moments of the variance spectrum
n Number of sea states -
N Number of bins -
P Measured power output W
P, Measured power output per bin W
meas Real power W
PF oas Power factor -
O meas Reactive power w
cable Total positive sequence resistance of subsea cable Q
m2
N Spectral density — ]
Hz
m2
S() Spectral density as function of frequency — ]
Hz
Spectral density at WEC 2
m
S(fwec h
Equals T(f,1,0,h,..)-S(f) ww Hz
m2
S(Hwmi Spectral density at WMI |
Hz
S 6) Directional spectrum m2
' S(f)-G, f) Hz - rad
m2
S, Spectral density at frequency-component i — ]
Hz
S, Standard deviation -
t Time lag or shift betveen the WMI and the WEC s
T Operational haurs per record h
T, Energy period s
Spatiaktransfer model, for correction of the spectral density measured at the
T(/ t, 0, h WMhto the WEC
NOTE Not all the variables are listed. The correction depends on the test site.
U Line-to-line voltage \%
Uphelis Line-to-line r.m.s. voltage Vv
Nao Vo, WEC side positive sequence voltage Vv
Voo Voa- Shore side positive voltage \Y
Xeable Total positive sequence reactance of subsea cable Q
Afi Frequency spacing Hz
. . 9
) Fluid density —
m
0 Wave direction °
® Phase angle °
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4 Sequence of work

Figure 1 shows the sequenced of work for the assessment as described in this technical
specification. The pre-test sections shall be conducted prior to the testing period. Following
the testing period the post-test sections shall be conducted.

PRE-TEST Test site characterisation
\ 4
Methodology
TESTING
PERIOD Measurement and Wave energy
data collection for conversion power
wave data output measurement
v
POST-TEST Determination of power performance

Calculation of mean annualenergy

Figure 1 — Timeline of assessment

5 [fest site characterization

5.1 General

An gnalysis of the prospective test site shall be undertaken to ensure that it is suitabl¢ for
power assessment of a WEC. Thé)incident wave climate shall be evaluated to ensurg the
power performance matrix can be populated. In order to infer the incident wave power af the
location of a WEC, the effect.of’bathymetry and marine currents on the incident wave climate
shal|l be sufficiently analyzed to determine whether a transfer model between the Wave
Meagurement Instrumeng (WMI) and WEC will be required. If a transfer model is required| the
anallysis shall support-the development of a suitable transfer model.

5.2 Measurements

5.2.1 Wayve measurement for wave power

A WML, shall be deployed at the proposed WEC location prior to WEC deployment. A se¢ond
WM 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 spectral data shall be calculated from WMI time series data. Estimates of the significant
wave height estimate and energy period shall be calculated from the spectral data. The
following parameters, to be used to determine the power matrix, shall be included in the
determination of the power matrix:

a) spectral shape;

b) directionality of waves;

c) directional frequency spectrum;
d) water depth including tidal effect;


https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

TS 62600-100 © IEC:2012(E) -1 -

e) tidal and marine current, direction and velocity;
f) wind speed and direction;

g) density of water;

h) occurrence and thickness of ice.

Parameters from the above list that have not been recorded, and thus not included in the
development the power matrix, shall be identified and the rationale for their exclusion
justified.

5.2.rc_uuam_m_e_a§_ue_m_ent
Maripe currents at the test site shall be recorded and documented. The current speed|and

direg¢tion data shall be measured simultaneously with the wave measurement and shall extend
overla minimum of 30 days. The sampling period shall be a maximum of 10 minUtes. At least
one [current speed and direction record will be taken from the upper half of the.water column
during the deployment period. The primary purpose of current records is-to facilitate the
devglopment of a marine current model of the area. Tidal and non-tidalycurrents shall be
estimated and differentiated.

It is [recommended, however, to measure current velocity and directions at different poinfs of
the yater column in order to adequately describe the velocity profile at the site.

5.2.3 Tidal measurement

Tida] heights shall be recorded at the test site. The Mmeasurements shall extend over at least
30 dpys and shall be analysed to estimate tidal ranges.

5.2.4 Bathymetric survey

The |boundary of the test site shall be defined and documented. A bathymetric survey of the
area shall be undertaken and documented. The resolution of the bathymetric survey shajl be
as needed to support the wave spatial\transfer model, see 5.2.5.

The [survey should provide the details on the bottom profile.

5.2.% Calculation of wave spatial transfer model

The [sea state at the Jlocation of the WMI shall be representative of the sea state at the
location of the WEECIf the difference between the energy flux at the WMI and the WEC | as
detefmined by_the 'deployment of a minimum of two WMIs, one at the wave measurement
location and,gre at the WEC location — is less than 10,0 % for 90,0 % of the records then it
can pe assumed that the wave field is statistically equivalent.

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

If the above 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.

5.2.6 Modelling of the test site

The spatial transfer model shall predict the spectrum at the WEC based on the spectrum at
the WMI. The test site should be modelled to assist in the development of a spatial transfer
model. The spatial transfer model shall be acceptable if it predicts the energy flux at the WEC
to within 10,0 % of the measured energy flux for 90,0 % of the of the data recorded according
to 5.2.1.

NOTE The spatial transfer model would generally be in the form:
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S(f\Owec = T(/,1,0,h,...)- S(f,0)wm (1)

6 Methodology

6.1 General

This technical specification governs the methodology for measurement, analysis and
presentation of data to assess the power performance of an electricity generating WEC.

The sea state incident at the WEC shall he measured to the accuracy qppr‘ifipd in Clause 7.
The [sea state measurements shall be analysed to give the parameters for each sample
sufficient to describe the sea state as specified in Clause 7.

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

A pgwer matrix shall be compiled as specified in Clause 9 which compares the parametefs of
the gea state samples and the electrical power production samples‘\(see Figure 2).

Sea state Electrical power Measurement
measurement measurement description

\ 4

Sea state Electrical, power Meta data
parameters pdranieters header
v
Aggregated data Performance

\4

records database

l

Power matrix

Figure 2 — Data flow diagram

6.2 Sample duration and frequency

The parameters describing the sea state and electrical power production for each sample
shall be recorded as specified in this Clause 6. The minimum sample duration shall be
20 min. It shall be reported at least every hour.

The minimum sample frequency shall be 1,0 Hz.

NOTE Sample duration will affect the accuracy of the measurement. A short sampling duration can result in the
poor characterization of the sea state.
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6.3 Simultaneity

The measurements from a WMI and WEC power output shall be measured at the same time to
provide correlation between sea state and WEC output power. WMI and WEC data shall be
synchronized so that the sea-state incident at the WEC can be correlated with WMI records. It
is recommended that WMI data be recorded simultaneously with WEC power data for a
minimum of one half of the sample duration.

NOTE The spatial transfer model shall be used to correct any time delay between the measurements taken at the
WMI and the location of the WEC. The correction for the time delay will 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 operatihg enveloge 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.

NOTH Spectral shape can vary with seasons leading to variations in the powér, matrix.
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
anngtated with quality control flags giving the results of the quality control checks carried out
durimg the recording and analysis path. The recerds shall be recoverable in ASCII format|with
a depscriptive header for each data record.

7 Measurement and data collection for wave data

7.1 General

The [purpose of this Clause 7 is to specify the wave and environmental data required to
produce a power matrix forra WEC. This Clause 7 shall also provide the methodology for
analyzing the wave datavin order to characterise the environmental conditions. The minifnum
sample frequency shalljbe 1,0 Hz.

7.2 | WMI and‘calibration

The | calibration, accuracy, and limitation of the WMI shall be documented to refer¢nce
NDBC:2009 Technical Document 09-02.

7.3 —Instrumentation tocation
7.3.1 General

WMI deployment location or locations shall be selected to best represent the sea state at the
WEC. The WMI location will be selected to minimize its effect on the WEC and the WEC on
the WMI. The effects of reflection, radiation, diffraction, and shadowing shall be considered
when selecting the WMI location effects.

7.3.2 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.
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7.3.3 Measures with spatial transfer model

A spatial transfer model 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.

7.3.4 Correction for WEC interference

The WMI shall be positioned to reduce the amount of interference from the WEC. A model
shall be developed to estimate the waves from radiation and refraction. The WMI shall be
placed in a location where the average radiated wave energy has decayed by at least 90 %.

7.4 | Metocean data

It is| recommended to measure and record all relevant parameters believed~to” have an
influence on power production. Since there are several factors that may affect| the
perfoprmance of a WEC, depending on its type, awareness of any correlation between power
and |a specific parameter should be sought and reported. A listing of ‘the parameters is
inclyded in 5.2.1. As a minimum requirement, the significant wave height estimate H| the

wave energy period T,, and the wave energy flux J shall be calculated using the measpred
wave data and reported.

Othgr parameters that have a significant effect on the powerproduction of the WEC shall|also
be récorded and calculated. The calculation of any additional parameters shall be defined|and
reported in sufficient detail to allow for repeatability/(see Annex C). The accuracy ofl the
calcylated parameters shall be given, according t6 the uncertainty estimation defined by
ISONIEC Guide 98-1 and ISO/IEC Guide 98-3.

Diregctly measured parameters will be expressed with indication of absolute €rror.
Speg¢ifications on the type, location, calibration, and accuracy of the measurement instrument
shal| be given.

7.5 | Procedure for the calculation of derived parameters

Wave data shall be described ®y wave spectra which provides information on how the wave
elevption variance is distributed with frequency.

a) Fkrequency 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
¢alculation 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 fratio
hetweenstwo adjacent frequencies is constant, or a fixed frequency spacing. In either ¢ase
thesmaximum frequency bin width shall not exceed 0,015 Hz.

NOTEt—Currents may ave a signiffcant effecton wave and power parameters due to Doppier 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.

c) Frequency moments of the variance spectrum m,. The moments of the spectrum from
n =-1 and n = 0 shall be calculated from

N
my = D Sifi" 4 (2)
i=1
d) The spectral significant wave height estimate H,,, is defined as:

H 0 =4,00/mg (3)
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e) The energy period T, is defined as:

f) The wave energy flux J (omnidirectional) is defined as:

J = PQZ Sicgidfi
i

(4)

(5)

«Q
-
=

NOTE

NOTH
data
parar

8

8.1

here
is the gravitation constant equal to 9,8 m/s2.
he group velocity is defined as:

1 2-k;-h
cgi=mCpi|TH—F7—
2 sinh(2-k; - h)

Coi = |2~ tanh(k; - h)
ki

2 In deep water conditions this simplifies to:

2
Pg 2
7 = gartluiole

3 The directionality of the sea state is important when the WEC is directionally sensitive. The Metd
Will be recorded as a parameter. The directienality of the waves can be described as a mean direction
heter representing the spreading.

WEC power output measurements

WEC output terminals

In the case of an AC,grid-connected WEC its output terminals shall be at the point where

outp

ut power is in theform of AC at the network frequency.

In the case ofia-non-grid connected WEC, its output terminals shall be at the point where

pow
com
conr

br is connected directly to the load. The output power shall be in the form of AC
monly \used network frequency (e.g. 50 Hz, 60 Hz), and at a commonly used
ection voltage level (e.g. 400 V, 6,6 kV). These details shall be clearly stated.

(7)

(8)

cean
ind a

the

the
at a
grid

The

8.2

The

output terminal point shall be clearly stated.

Power measurement point

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 measurement point shall be clearly stated. In the case where the power measurement
point differs from the output terminals the justification shall be made.
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NOTE Annex B contains a method for cable loss compensation where the measurement point is located on shore.
8.3 Power measurements
8.3.1 General

The net electric power of the WEC shall be measured, inclusive of any reduction due to
system energising power and necessary ancillary loads on board the WEC. The power shall
be recorded at minimum of 2 Hz, the power signal having been subjected to a suitable anti-
aliasing filter.

The maan ctandard dovigtion mavimiim and minimiim of tha diaitizad valitac which oceur |n
Feah—Stahaara—ae Yy atoh— e dd—a e d o e e gHze a—adeS—WHHEHR—066

each 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
inclyde the capacity of the connection itself or the requirement for significant reactive ppwer
expart, resulting in constraints on the WEC power output under certain.conditions. In the ¢ase
whefe such constraints can occur, a method to identify when the . WEC is operating upder
congdtrained output power conditions shall be put in place. Output”’power data during these
conditions shall be identified and may be excluded for use in the power performance matrix.

It isj[recommended in this circumstance that an external~dump load be installed in order to
elim|nate the WEC power output constraint.

8.4 Instruments and calibration

The [net electric power of the WEC shall bezmeasured using a power measurement dgvice
such as a transducer and be based upon measurements of current and voltage on a minifnum
of two phases.

Elecftrical transducers and the ~power measurement device used in the elecfrical
meapurements should be class.0,5 or better, should be calibrated to traceable standards|and
shal| meet the requirements of the following standards:
e power transducers : |[EC 60688;

e durrent transformers: 1EC 60044-1;

e oltage transformers: IEC 61869-3.

1

The |operating<range of the power measurement device shall be sufficient to includ¢ all
posifive peaks corresponding to net generation and all negative peaks corresponding tgq net
impgrted power. As a guide, the full-scale working range of the power measurement dqvice
and fransducers 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 measurement device does not allow for class 0,5 measurements, the power recorded
should be zero. At the low power range where the working range of the transducer does allow
for class 0,5 measurements, their measured values shall be recorded.

NOTE It is important that current transformers are specified correctly as they become non-linear for low currents
(£ 5 % of their range or thereabouts).
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9

9.1

Determination of power performance

General

The power performance of the WEC shall be presented using a normalized power matrix. The
normalization shall be calculated using the capture length and the average bin power. The
power performance of a WEC can be determined for two distinct purposes. The first purpose
is to define the power performance of a WEC so that it can subsequently be used to predict
energy yield at a different site. In this case the capture length matrix should be produced as
detailed in 9.2.

NOTHE The capture length matrix is preferred over the power matrix because it is less sensitive to sea
parameters and thus less affected by the method of bins. However, the calculation of the power matrix is‘spé€|
in 9.

The

perfofmance claims. If a capture length matrix for the WEC exists then this can be achieved by comparin|
measjured power performance to the capture length matrix.

9.2

9.2.

The [normalized power matrix shall be constructed by applying)the “method of bins” tg
capture lengths (see 9.3). The bins shall be defined by atd€ast the significant wave hgight

estimate, H,, and energy period, 7.. The bins for significant wave height shall ha
max|/mum width of 0,5 m and the bins for the energy ¢eriod shall have a maximum wid

1,0

9.2

the

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

9.2

.2 Sub-division of the normalized power matrix

3 Calculation of the capture length

3 to enable its calculation where appropriate.

gecond purpose is to assess the power performance of a WEC to determine if it meets the specified |

Structure of the normalized power matrix

( Core structure

q
4

ormalized power matrix to reduce the\variability of capture length in each bin.

state
cified

ower
g the

the

e a
h of

Addllional indices, such as the mean wave‘direction or spectral bandwidth, may be addegd to

bf the

The|capture length is equal to the net electrical power capture divided by the wave engrgy

flux.

9.2

4 Representation of the capture length matrix

1=2
J

(9)

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

capture length matrix a table can be used to fully represent the capture length matrix. Where
more indices are used to define the capture length matrix the significant wave height and
energy period should continue to be used together to organise the data sets to facilitate
usage with wave climate scatter diagrams.

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

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

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

the minimum capture length of all the data sets in the bin;
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e) the number of data sets in the bin.

The average and standard deviation of the capture length for each bin is calculated according
to the equations:

— 1 M
L=—x)) L. 10
m 21 (10)

[ 2

Sh =
=i

1 —
> (L-zf (11)
9.3 | Calculation of power matrix

i=1

The |power matrix shall be calculated by multiplying the average and standard deviation of the
capture length for each bin (as defined in 9.2.4) by the wave energy flux’at the centre of the
bin.|The wave energy flux density at the centre of the bin shall(be calculated usifg a
reprgsentative spectral shape and the spectral shape used for“€ach bin recorded and a
justification provided. The spectral shape used can be different for 'each bin.

10 |Calculation of mean annual energy production-(MAEP)

10.1] General

The [mean annual energy production of a WEC)yat the specific site shall be calculated by
applying the wave energy resource data defined by EquiMar: Protocols for the Equifable
Assg¢ssment of Marine Energy Convertersy‘Part Il, chapters 1.A.1 through [.A.5 to the ppwer
performance of the particular WEC. The MAEP shall be calculated assuming an availability of
100 [%.

NOTH The EquiMar resource assessment supports devices principally located in deep water away from the
shordline.

10.2| Standard methodology

accqrdance with mathematical Formula (12). A minimum of 10 years of wave energy resource
data| should be used for the calculation of the mean annual energy production. If the mean
anndal energy production is calculated with less than 10 years of wave energy resource |data
this ghall be(noted explicitly. The wave energy resource data set shall be unbiased, containing
the pumber-of sea-states for each month proportional to the number of days in the month.

Where a time series of.the wave energy resource is available the MAEP shall be caIcuIatIJd in

=TT

MAEP =151, ., (12)
noa

where
T is the average length of a year which is 8 766 h.

The power production shall be calculated for each individual sea-state using linear
interpolation of the capture length matrix. If not available, the capture length matrix can be
regenerated by dividing the bin values in the power matrix by the wave energy flux density at
the centre of each bin using the recorded spectral shape represented shape as determined in
9.3.
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NOTE It is in a WEC developer’s interest to ensure that the power matrix is appropriate for all possible sea-
states. In particular, power production at high significant wave heights can affect whether the WEC will be in
survival mode where power production is zero, or whether it can continue to produce power.

10.3 Alternative methodology

If the wave energy resource data is only available as a scatter diagram then the mean annual
energy production shall be calculated using the power production at the centre of each bin in
the scatter diagram in accordance with Equation (13) subject to the condition in Equation (14).
The power production of the bin shall be calculated as specified in 10.2. The contribution of
each bin in the scatter diagram to the mean annual energy production shall be weighted
based on the frequency of occurrence of the particular bin as defined in the scatter diagram. If
the fvave resource scatter diagram has different bin sizes to the capfure Tength matrix, then
two-dimensional linear interpolation of the capture length matrix can be performed to aligf the
bins|of the two matrices.

f: J"\"T

MAEP a1y = T-> L -J; - f; (13)
i~

i=N
> fi=10 (14)

10.4] Completeness of the capture length matrix fot/MAEP

The |MAEP shall be calculated in two ways, one designated “MAEP-measured”, and the gther
“MAEP-interpolated”. MAEP-measured is calculated assuming zero capture length in all empty
bins| of the capture length matrix. MAEP-interpolated is calculated assuming the capture
length of empty bins is equal to the average(of’adjacent filled bins.

BotH MAEP-measured and MAEP-intefpolated shall be reported, The MAEP-measured $hall
be labelled as “incomplete” when calculations show that the MAEP-measured differs from the
MAHP-interpolate by more than 5% In these circumstances the capture length matrix should
be g¢onsidered as inadequatefor calculation of the MAEP and the requirement for more
extepsive testing highlightegd:
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Example production of a normalized power matrix

The following Clause A.2 and Figure A.1 describe the method on how to display empirical

WE

the

A.2

The
WEC(
have

data performance data In a standard format. The data has been generated
simylations of a heave only point absorber WEC, and is designed to match closely with
would be expected from measured sea test data. The data has been grouped using,hins,

bles below indicating the bin centres.

Sample data

Table A.1 — Sample data

following Table A.1 represents an extract of the wave data as‘measured by WMI,
[ performance data gathered. Wave characteristics from thé~measurement equipment
been used to calculate the wave power for the given Hg-and T,. Power is measure

the gutput terminals of the WEC as defined in this technical specification.

rom
what
with

and

d at

Hino T, P J L
m s kW kW/m m
4,86 6,85 443,70 79,38 5,59
1,16 6,97 27,27 4,60 5,93
1,05 7,18 25,21 3,88 6,49
1,72 7,30 72,13 10,60 6,81
1,39 7,41 49,82 7,02 7,09
1,96 7(62 109,43 14,36 7,62
3,83 7,84 458,68 56,42 8,13
1,61 8,05 87,44 10,24 8,54
3,37 8,17 397,34 45,52 8,73
1,27 8,38 59,36 6,63 8,95
2,31 8,59 203,12 22,49 9,03
2,08 8,71 166,74 18,49 9,02
1,50 8,82 89,26 9,74 9,17

The full range of data measured as it occurred during the measurement period is shown in
Figure A.1. This represents a total of 6 180 measured data points over a period of time. This

plot shows the variation in electrical power output over a range of 4,5 and T..
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WEC power [kKW] - Deep water site
\ \ \ T \
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I
n
I

1000 KW

1900 kv

I

| L

= 1600 kW

Significant wave height H_ |  [m
T T

This|large data set needs to be reduced to the standard discretisation. The bin sizes ch
D,5 m for H,,g and 1 s for T, as defined by 9.2. The tables which follow display the v

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

are

7 El 10 il 12 13 14 15 18

g
Energy period T [2]

Figure A.1 — Power/scatter

The [same method is used for the H o values.

The [capture length for each of thedata samples is calculated on the basis of the meas

1500 kW

400 kw

1300 kW

1200 Iy

100 kW

bsen
alue

bin.

ured

power and the wave energy flux, separated into the different bins and averaged over ¢ach

bin. [Table A.2 below shows the average capture length for each bin. Empty bins indicat

meapurements were recorded for that combination of H,o and T..

e NO



https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

TS 62600-100 © IEC:2012(E)

— 22 -

"SuIq 8y} JO Yyoea 03Ul [[B) YoIym papiposs ajdwes Jo Jaquinu ay) sajealpul
9V 9|qe] "mojaq Sy a|gel ybnouyl €'y 8|qe] Ul pepn|oul 8Je suiq 8yl JO Yyoea 10)'S8n|BA WNWIUIW pug wnwiXew ‘uolleiAep plepuels sy

[s]’z pouad ABisug
0‘gL | 021 | 0‘9 0'GL | 0Vl | 0'cl | 0‘CL 0Ll ool 0‘6 0‘s 0L 0‘9 0‘s 0y o‘el| oz 0‘L
S0
e€e'qg | L0y ve'L | Lv'6 | 00°0L | 900} | 9¥6 } LG'8 | 66'G | GS'€ | 460 | L0 | LOO 0‘L
lg'e | 66'q | €S'v | LS'S | 9L°L | S¥'6 | GO°0OL | 90'0L | Z¥'6 | 6€'8 | S€9 | 69C | LO'L | 0C'0 | LO'O sl
ZL'e | LS'g | L'V | 659G | L€L | zP'6 | SOOI 96'6 Sv'6 | 199 | ¥9'9 | vZ'c | 06°0 | 60°0 0‘c (%]
Zo'c | LS'g | 99'v | 6¥'G | 0€L | 9G'6 | €00 | OVOL | L¥'6 | LL'8 | Y09 | LO'E | €C'L 4 nmu.m
v0'c 6v'vy | LeG | €2L | 82'6 | SO‘OLY¥O'OL | Y26 | ¥S'8 | 68°'G | ZE'C | €S0 0‘c m
Lv'g | 9v'y | 0L°G | 8€°L | Z¥'6 | 2QOL | €0°0L | 2S'6 | ¥G'8 | ¥6'S | 06'C | PE'L s‘e W
v9'q | 0€'v | ¥L'G | 62°L | S¥'6 16'6 66'6 25’6 | €98 | €6'G | €TY 0y s
G6'c | tZ'g | €S'v | GS'G | 8LL | ¥6'8 G8'6 | 60'0L | 0€'6 | ¥S'8 | 6G°G | 06'C S'v W
v.'c | 89'9 L'y | 98'G | L2'L (P8 82¢'6 | €0'0L | L¥'6 | €L'8 | 60°L 0‘s M
86'Cc | ve'g | €S'v | S€G | ¥h'9-| LL9 4] G8's €.'6 | €8 | 6G'S S‘g E)
ze'g | o'y | 1e'gez's | G9's 4] 0‘9 M
0L'c | 8l'9 vy | GE'V 00°'S S‘9
16 Gl'e | 88'c 0L
S'L
[w] ulg yoea a0y yjbua| ainydes abeiany

yibua| ainydeds abelsoaay — Z'Vy 9a|qel


https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

- 23—

TS 62600-100 © IEC:2012(E)

[s]1°L pouad ABiaug

0‘sL | 0°ZL | 09 0‘6L | Oyl | 0'€l | o‘Cl 0‘LL o‘olL 0‘6 o‘g 0‘L 0‘9 0‘s 0y o‘c 0‘e o'l
S0
00° 00°0 090 | €90 | SL0 lZ'0 | 0€0y 2S'0| 09°0| Z9°0| ¥Z'0| 000 | 00°0 0L
900 | 00 000 | L¥O| LS'O| 85'0| ZL'0| OC0| €€0| 9v'0| 850 | S6°0| ¢S50 | 00°0| 000 Sl
000 | sz 620 | 6¥V'0| 2¢L0 LG'0 | vL'0O| ¥2'O} SCZ'0| 9vY'0| LZ'0O| 280 | 290 | 000 0‘e 2]
000 | €2 000 | 0G0 | S9'0| 9¥'0| vL'0|~6L0 | 62°0| 80| ¥9°0 160 | 6€°0 s‘c nmu..
00°0 6L°0| Le0O| 090 | 85'0| GL'O4»6L°0| 820 | 000 98°0| 9€0| 000 o‘c m
Ll 60°0 | 60| Zv'0O| 290 |, 9k0| 2ZZ'0| €20 | 000 | 60°L | 000 000 g‘e m_
90 Ze'o| ceo| 290 | 6¥0.({/CL'0| GZ0| LZ0O| €L'0| 00°0| 000 0y b3
oL‘o | oo 8L°0 | 69°0| 090 | Lg0| €L'0| vL'O| ZEO| L¥'O| €€0| 000 Sy m
000 | 00 8L°0 | G20 | 650 |~8S0 LP'0 | vZ'0| 9€0| 00°0| 00°0 0‘s M
000 | 00 000 | LE0 |ke0 L¥'0 | 8€‘0 190 | 000 | 00°0 | 00° GG EL
6€’ 8L°0 | 00°0\~€Z'0 | 000 650 0‘9 M
000 | ez 00’0 | 00°0 00°0 S‘9
00° 00‘0 | 00°0 0L
]

[w] uiq yaea 104 yibua| ainydes Jo uoeIAdP piepuels

yjbua| ainjded Jo uoljeIAGp plepuels — €'Y d|gel



https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

TS 62600-100 © IEC:2012(E)

—24 —

[s]°L pouad ABisug

08l | 0°ZL | 09 06L | 0Vl | 0°€lL ozl 0‘LL o‘ol 0‘6 0‘s 0L 0‘9 0‘s 0y o‘e[| o'z 0‘L
S0
€e'g | L0V G0'8 | ¥0'0OL | 0Z'0L | 220l | €46\ S6'8 | 189 | €'V | ¥L'L | SL'O| 10O 0‘L
9z'c | 65'q| €Sy | ¥0'9 | S0'8 | vO'OL | OZ'OL | 2COL |(BL'6 | S68 | 60°L | €C'v | 98V | 0Z0 | L0OO SL
ZL'e | 89'¢| 99'v | v0'9 | G0'8 | ¥O'OL | OZ'OL | ZZOLNP€L'6 | S6'8 | 60°L | €2V | 9S'L | 60°0 0‘c (2]
c0‘c | 89'¢| 99'v | v0'9 | G0'8 | ¥O'OL | OC'OL | 280l | €26 | €8 | 6V'9 | €C'v | 9G'L 4 nmu..
¥0‘e 99y | 89°G | S0'8 | ¥0O'OL | 0Z'OLy|~CZ'OL | €26 | ¥S'8| 189 | €G€ | €50 o‘c m
654 | €S'v | v0'9 | G0'8 | ¥O'OL | B30L | 220 | €26 | ¥S'8| 60°L| 06C| PE'L s‘e W.
89'¢ | €S'v | 9¢€'G | S0'8 VinNEL‘oL | ez'oL | €2'6 | €48 | €6°G| €2¥ 0y s
z0‘e | TZ'q| 99'v | v0'9 | 8.°Z LE'6’/| Co'oL | zZ'0L | 2¢L'6 | S6'8 | €6'G| 06'C Sy W
v.'c | 89'¢| €S'v | ¥0'9 | 96°L €C'6 9’6 | 120l | €26 | €L'8 | 60°L 0‘s M
86'c | ve'd | €S'v | 89'S | 899 6€°L 60°8 82'6 | €.'6 | €L8 | 6S'S GG EL
654 | 8c'v | Lg'alBr's G9'S cLL 0‘9 M
0.'C | ve'd vy | SE'v 00°s S‘9
16 gl'c | 88'c 0L
SL

[w] uiq yoea 10} yj3bua| ainyded wnwixep

yibuaj ainydeds wnwixep — 'y a|qel



https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

— 25—

TS 62600-100 © IEC:2012(E)

[s]1°L pouad ABiaug

0‘sL | 0°ZL | 09 0‘6L | OvL | 0'€l | o‘Cl 0‘LL o‘olL 0‘6 o‘s 0‘L 0‘9 0‘s 0y o‘c 0‘e 0L
S0
ee’ L0'¥ 2z'9 | 968 186 | 666 | ¢0'6 |V2C9'L | LZ'G| 06T | 080 | SLO| LOO 0L
L1'e | 65" €5y | 90°G | 229 | 9S8 186 | 656 | TO6 | C9°L| 6G'G| €0'C| €50 | 020 | LO‘O Sl
ZL'e | e¢ 0¥ | 90°G | 2Z'9 | 9S'8 186 | 6G'6{[ €06 | T9'L | LZ'G| 2e'T| €€0| 600 0‘e (2]
zo'e | sz 99'¥ | 90°G | 229 | ¥8'8 186 | 686 | ¢0'6 | 292 | 6G°G| €0'C| 080 s‘c nmu..
vo‘e 8Z'V | 90°G | 22’9 | 9S'8 186656 | ¢0'6 | ¥S'8| 09'v | 06°C| €S0 o‘c m
Ge' OF'y | 9€°G | 299 | 95'8 18%6 | 656 | €06 | ¥S'8| 09'v | 06'C | PE'L g‘e W.
65" L0V | L6V | 229 | 9S'9/|n8.l'6| 656 | LL6| PS8 | €6'G| €TV o'y s
88'c | ¢t O’y | 90°G | 22’9 | 2S'8 LL'6 | 66| ¢0'6| €L'8| LZ'G| 06'C Sy W
v.'C | 89 8C'v | 89'G | ¢2'94-88'L | €8'8| 656 | 206 | €L'8| 60°L 0‘s M
86'c | ¢’ €5y | 90°G | 09| 029 | G6°9 lv'8 | €L'6| €L'8 | 6S'G GG EL
¥0° 18'¢ | 1Z'G(\v6'y | S9'S 0€‘9 0‘9 M
0LCc | €0 %Ly SEY 00°s S‘9
16* GL'c | 88‘c 0L
]

[w] uiq yoeas 10} yjbua| ainyded wnwiulpy

yjbuaj ainyded wnwiuly — GV a|qeL



https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

TS 62600-100 © IEC:2012(E)

— 26 —

ulq yoes ul ;amod DI AN 9y} 91e|nojed 0) pash ale xn|j ABiaus anem pue.yibus| ainyded alj| "saJjuad uiq ay} o} Buipuodsaliod
°I pue 0%z sy; puk ¢ Jo ewweb yum ‘wniosds demsuor e Buisn pajenojes si J8llEds sAoge ay) ul uig yoes Joj xnjy ABiaus sAaem sy

[s]°L pouad ABisu3z
0‘gl | 0°ZL | o9 | o'sL | O‘vL | oL | oO‘Cl 0Ll o‘olL 0‘6 0‘s 0L 0‘9 0‘s o'y 0‘c 0‘c 0‘L

0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S0
0 0 8 l 0 cl 6 8 Sl L) S A € 4 3 3 0 0 0‘L
0 4 8 3 L cl L L 145 L 9 8 9 € 3 3 0 0 Sl
0 L 4 S € Ll 8l 9l 2l €l L 9 ¥ € L 0 0 0 0 (]
0 3 e 3 € ol L Sl cl 6 4 4 % € 0 0 0 0 s‘c nmu.m
0 L D € € 8 142 9k Ll 8 4 9 € l 0 0 0 0 o‘c m
0 0 4 4 14 L ol L 0l 0l 3 % 3 3 0 0 0 0 g‘e W
0 0 4 4 Z 8 o4 6 L 9 4 L 2 0 0 0 0 0 o'y s
0 14 4 4 4 S 4 S ¥ € € € 2 0 0 0 0 0 Sy W
0 3 4 4 4 8 S 4 A S 3 3 0 0 0 0 0 0 0‘s M
0 14 L l € € 9 9 Z L l L 0 0 0 0 0 0 S‘s E)
0 0 4 14 ¥ 9 3 0 % 0 0 0 0 0 0 0 0 0 0‘9 M
0 L 4 0 3 l 0 L 0 0 0 0 0 0 0 0 0 0 S‘9
0 0 8 (0] 3 3 0 0 0 0 0 0 0 0 0 0 0 0 0L
0 0 D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 S‘L

[-] uiq yoea 10j JunoH

so|dwes ejep jo JaquinN — 9'y d|gel


https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

— 27 —

TS 62600-100 © IEC:2012(E)

[s]1°L pouad ABiaug

o‘sL 0‘ZL 0‘9L 0‘slL o'yl o‘clL ozl 0‘LL o‘oL 0'6 0‘s 0L 0‘9 0's | o'y | 0'c | 0‘C | O°L

S0

€1'92 96'6C 189y 8.1°GS 86'€S 9g'6v 9Ly Zy'ee| 9s'0z| 9v'0L| 8€C|0€0 0L

€€'09 €v'€9 20's. €2'68| 89'c0L| €L'szL| 90'cZL| (BOLLL 60'v6 20'v.| 90°6¥| ¥8'LL| €6'G|88°0 Sl
v6'€OL| 90°0LL|| 99'8ZL| 69°€SL| L¥'98L| ¥8°lZZ| 06'9LZ]MP6E°G6L| ¥6'99L| €L'GEL| ZZ'L6| 0Z'8E| 088690 0‘e 2]
Sy'LGL| vO'CTLL| ZlL'viZ| 2G'GEZ| 86'06C| 9.°LSE| B8EBEE| €8'60€| 19'6GC| <ZS'00Z|99°6ZL| SG¥'SS|cC6'8L s‘c .m..
8c'8ze 9€'/6Z| €6°LEE| 90°'Sly| [8°L6Y|\W£6'/87| 8E€WY| 9L°/9€| 0.°L0€|€0°C8L| 98°/8|09°LL o‘c m
9/'¢ee|| 6v‘2cO¥| vv'6Ly| 22'9.S| SGL'649| 6€C99| 0.°209| v6'VLS| G9'0L¥|.0°0SZ|.L¥'v0L|8Z 0¥ s‘e W
€1'9Gv || 2¢v'90S| 8€'v9S| €E€vv.| 400068| €5°098| SE€'v8L| LZ'CL9| GZ'zvS|.9°GeE|9v'66lL o'y s
€6'86%| LLLLS| 0L'v29| 08°LLL| 69°926|0€990 L |69°9.0 L|€8C00 L| 89°L€8| Z8'8/9|S0°68€|69CLL Sy ..W
89'L/G| 9G°CZL|| 69°0L8|6L900 L |9¥'8GL)L| €2 LET L |9€°CGT L |29°0€ET L |LE'BE0 L| 89°26L|C6'809 0‘s M
LG'LSZ| 61'€6.(|85'800 L |8S'CLL L |98+ YT L|Ev'v6lL L| 18222 L|S6'ZLE L|8P'66Z L|€EE9E0 L|0L°08S s's| 2
¥G'2€6 |[07'280 L | 02282 W PL'VLC L| L2261 L €egse | 0‘9 M

GZ'LG6|6LPS0 L 89.00C L |9v'ELL L 2oLyl L S‘9

gL'ozk | 92090 L |0€'LLIT L 0L

]

[AMM] ulq yoea 1oy 1amod 13}19AUO0D K1dua anem abelany

Xlijew J1amod — /'y a|qel



https://iecnorm.com/api/?name=b674b418265a72dafe84fd5d75499d2f

- 28 - TS 62600-100 © IEC:2012(E)

Annex B
(normative)

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

B.1 Single-line diagram

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

Preferred location Onshore equipment
Offshore WEC / Alternative location
—| Compensation
G /T\ equipment T %
Genprating Step-up Metering J Subsea cable Metering
transformer  equipment — ici i
equfpment quip| equipment Electricify grid

{Energy storage
i ar

| compensation
equipment

Figure B.1 — Location options for metering equipment

to ap the “Preferred Location” in Figure B:7 If the metering equipment is located onl the

Idea}ly, power output should be measured at the output terminals of the WEC. This is refgrred
gengrator side of the WEC step-up transformer, this shall be noted.

e WECs use energy storage ,and/or compensation equipment that are external tg the
itself but shall be considered as a part of it for the purposes of performance
assgssment. Typical locations-;for such equipment are indicated with broken lines. [The

enengy storage equipment is“typically installed in a shunt configuration. In such situationg, or
in situations where power measurement is only possible shore side, the WEC power should
easured at the output terminals of the compensation equipment wherever it is situated,
the shore statioh incoming bus bars, where no compensation equipment is present. [This
is referred to aswthe “alternative location” in Figure B.1. In this case, losses due to cables|and
other compaorents between the WEC system and the compensation equipment should be
determinediand the power output should be adjusted accordingly.

A methodology for losses incurred in a single connection cable is provided in the next section.
If th i i i i nt is
more complex than this, the methodology for the power loss corrections should be fully
explained in the file header and accompanied by supporting documentation as necessary.

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 e, Xcaple: @Nd Cggapie represent the total

positive sequence resistance, reactance, and line-to-line capacitance of the cable. These are
usually provided by manufacturers on a per km basis, and shall be multiplied up by the cable
length in km in order to yield the relevant total impedance values. The cable resistance will
generally be determined from the AC resistance per km values provided by the manufacturer.
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Skin effect can be taken into account if a detailed harmonic breakdown on the device output
current is available. This is generally of negligible impact since harmonic filters at the output
of power conversion equipment are designed to reduce the harmonic current components on
the grid side to very small levels. These levels are regulated by the appropriate power quality
standards in accordance with IEC 61000-3.

Recable Xeable

Coablez  —7— Ceablez  —7—

Vm_ ‘ ‘ sz_
Circuit elements Connections

Reavle  Total positive sequence resistance of subsea cable Vo1, Vp1-  WEC side positive sequence voltage

Ceape  Total positive sequence line-to-line capacitance of subsea cable Vp2+,Vp2-  Shore side positive sequence voltage

Xeave Total positive sequence reactance of subsea cable

Figure B.2 — Positive sequence cable model

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

In ofder to measure the power performance and determine cable losses, one of the follofving
sets| of measurements shall be made (utilising\the instrumentation outlined in the |next
sectlon):

a) ljne-to-line r.m.s. voltage (Upyeas), linexm.s. current (/,,045), and the phase angle of ¢ach
vy, ¢;) relative to a common reference signal or relative to each other;

b) l|ne-to-line r.m.s. voltage, line r.m:s. current and power factor (PF\gas);

c) real power (P,qa5), reactivespower ( ), and line-to-line r.m.s. voltage;

Qmeas

o
-
—

ne output of the WEC system (Pyenwec) is then estimated by the following equation:

PgenWEC = Preas + Hoss B.1 )

where the~measured real power is given directly by the power transducer of by
ppropriatercombination of voltage, current, and power factor or phase angle, and where
e cableToss component P, is given by:

2 2
aC, U . . wC, U
Poss = 3“[meas Cosgp; — wsm (PVJ + [lmeas Sing; + wcos (/7VJ ‘Rcable (B.2)

In the case of voltage, current and phase angle or power factor measurements. The factor w
is the electrical radian frequency and is equal to 2n 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:
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2

2
I _ Frneas” * Omeas
meas >
3Umeas

oy =0 p; = arctan-2meas_

meas

(B.3)

(B.4)

and substituted into the previous equation for calculating P),... An assumption in these

calculations is that the system voltages and currents are balanced. Even in the presende of

limited unbalance in the system, as permitted by the relevant national grid codej 't

equa

tions are sufficient to estimate the cable loss compensation.

nese
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