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FOREWORD

national electrotechnical committees (IEC National Committees). The object of IEC is {0 prd
ternational co-operation on all questions concerning standardization in the electrical and eleCtronic fiel
is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National €ommittee inter|
the subject dealt with may participate in this preparatory work. International; 'governmental and

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

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interna
nsensus of opinion on the relevant subjects since each technical committee has representation fro
ferested IEC National Committees.

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

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
hnsparently to the maximum extent possible in theirrnational and regional publications. Any diverd
tween any IEC Publication and the corresponding/mational or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation ofwgonformity. Independent certification bodies provide confd
sessment services and, in some areas,. aeccess to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

| users should ensure that they have:the latest edition of this publication.
b liability shall attach to IEC or jtsidirectors, employees, servants or agents including individual expert
her damage of any nature ‘whatsoever, whether direct or indirect, or for costs (including legal fees

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

tention is drawn te-the Normative references cited in this publication. Use of the referenced publicatig
dispensable for the.correct application of this publication.

tention is drawn' to the possibility that some of the elements of this IEC Publication may be the subj
tent rights<JEC shall not be held responsible for identifying any or all such patent rights.

ptienal circumstances, a technical committee may propose the publication of a tech

main stask of IEC technical committees is to prepare International Standards.

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization"eompfising

mote
s. To
ions,
“IEC

bsted

non-

vernmental organizations liaising with the IEC also participate in this preparation*-IEC collaborates closely

d by

ional
m all

C Publications have the form of recommendations for international use and are accepted by IEC Nafional
bmmittees in that sense. While all reasonable efforts are made 'to ensure that the technical content of IEC

any

tions
ence
ed in

rmity
r any

5 and

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

and
IEC

ns is

bct of

In
hical

ification when

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

f

uture 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 62600-200, which is a technical specification, has been prepared by IEC technical
committee TC 114: Marine energy — Wave, tidal and other water current converters.

The text of this technical specification is based on the following documents:
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Enquiry draft Report on voting
114/93/DTS 114/101A/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 list of all parts of IEC 62600 series, under the general title Marine energy — Wave, tidal and

4 4 i ) £ ! 41 [Ty L b
Oth wdalcr currcrit COrivericrs , Ldilh D€ TOUTIU UIT IS TEW WEDSILT.

The |committee has decided that the contents of this publication will remain unchanged [until
the ptability date indicated on the IEC web site under "http://webstore.iec.chi~in” the |data
related to the specific publication. At this date, the publication will be

+ transformed into an International Standard,
* reconfirmed,

ithdrawn,

* replaced by a revised edition, or

mended.

<

Q)

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The 'colour inside’ logo on the' cover page of this publication indicates
thaf it contains colours which are. .considered to be useful for the corfect
understanding of its contents. Users should therefore print this document using a
colgur printer.
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Technical Specification provides:

onverters (TECs) that produce electricity for utility scale and localized grids;
definition of TEC rated power and rated water velocity;

methodology for the production of the power curves for the TECs:in.consideration;
framework for the reporting of results.

sions from the scope of this Technical Specification are as_follows:

nd assessment Technical Specification (future IEC/TS 62600-201);
caling of any measured or derived results;

ower quality issues;

ny type of performance other than@ower and energy performance;

he combined effect of multiple FEC arrays.
Normative references

following documentsy.in whole or in part, are normatively referenced in this document
ndispensable for its application. For dated references, only the edition cited applies
ted referencés) the latest edition of the referenced document (including
hdments) applies.

50688:2012, Electrical measuring transducers for converting AC and DC elect
tities to analogue or digital signals

IEC

electricity producing wind turbines

systematic methodology for evaluating the power performance of tidal current engergy

dal energy converters (TECs) that provide forms of .gnergy other than electrical enjerg
nless the other form is an intermediary step that is(eonverted into electricity by the TH

C;

pesource assessment. This will be carried out in'the tidal energy resource characterization

and
For
any

rical

T400-TZ-T:2005, Wind turbines — Part 12-1. Power performance measurements of

IEC 61869-2:2012, Instrument transformers — Part 2: Additional requirements for current
transformers

IEC 61869-3:2011, Instrument transformers — Part 3: Additional requirements for inductive
voltage transformers

IEC/TS 62600-1, Marine energy — Wave, tidal and other water current converters — Part 1:
Terminology

ISO/IEC 17025:2005, General requirements for the competence of testing and calibration
laboratories
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ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

International Hydrographic Organisation: 2008, /HO standards for hydrographic surveys,
Special publication No. 44. 5th edition (http://www.iho-ohi.net/iho_pubs/standard/S-
44 _5E.pdf)

3 Terms and definitions

For the purposes of this document. the following terms and definitions apply. General terms
and definitions regarding marine energy found in IEC 62600-1 also apply.

3.1
acouistic current profiler
an ipstrument that produces a record of water current velocities for specified [depth and Jtime
intervals over a pre-determined distance through the water column

Note [l to entry: Current profilers can be configured in many ways: downward faciig, mounted on bodts or
moor{ngs, installed on the seabed facing upwards, or mounted on a TEC oriented-in any direction desired fof tidal
currept and wave studies. Detailed specifications for the use of acoustic curtent profilers are provided ig this
technlical specification.

3.2
avernaging period
the period of time, in minutes, over which data samplesiare averaged to calculate a data goint

3.3
current profiler bin
a digtance interval, typically vertically on thecorder of 1 m or less, that is used to group |data
samples and data points for calculation of eertain parameters according to their corresponding
distgnce above the seabed or below the.surface

Note [l to entry: Mean current velocity, Ushear;, , , is an example of a parameter that is grouped by current profiler
bins.

3.4
cut-|n water velocity
watgr speed during theaccelerating part of the tidal cycle, above which there is power
production

3.5
cut-put water velocity
the maximum-flow speed above which the TEC cannot continue operation

3.6
data point

a single measurement used to populate bins and obtained from averaging instantaneous data
samples over the specified averaging period

Note 1 to entry: U, , P, and Q; , are all examples of data points.

3.7

data sample

a single measurement obtained at a minimum sampling frequency of 1 Hz used in the
subsequent calculation of a data point

Note 1 to entry: U, , P.J.n and Qij are all examples of data samples. A data sample may consist of one or

multiple current profllenr 'pllngs' depending on the setting of the device.


http://www.iho-ohi.net/iho_pubs/standard/S-44_5E.pdf
http://www.iho-ohi.net/iho_pubs/standard/S-44_5E.pdf
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3.8

data set

the collection of data points calculated during a specific portion of the test period, and is a
subset of the test data

Note 1 to entry: For example, all data points collected during a flood tide would be considered a data set.

3.9

energy extraction plane

the plane that is perpendicular to the principal axis of energy capture where device rotation or
energy conversion nominally occurs

Note [ to entry: Refer to Figures 2 and 3 for a simplified illustration of the energy extraction plane. For dgvices
with multiple extraction planes, an appropriate upstream energy extraction plane on both ebb and\ flood [tides
should be identified.

3.10
equivalent diameter
a cogmmon method used to transform a TEC that is non-circular in crogs-section, wherg the
crospg-section is parallel to the energy extraction plane, into an equivalent device with a
circylar cross-section

whefe:

A is the projected capture area

Note [1 to entry: Examples of the calculation of equivalent diameter for various TEC projected capture aregs are
provigled in Figure 1.

2 Circular Capture Areas 1:Dacted Capture Area 1 Rectangular Capture Area
w
Dg,1 = 2R1; B2 = 2Rz A = Apuct A=A;=hw
A= %T[(DE, 12 + Dg, 22) DE, puct = 2Rpuct Dg 1= (4hW/T[)1!2
De =A(Dk, 12 + Dg, 22)1/2 De = DE, puct De = Dg, 1

IEC 975/13

Figure1 — Equivalent diameter calculations for various TEC projected capture arers

3.11

free-stream condition

boundary condition description for a TEC operating in a sufficiently large channel and without
external influence such that its performance is equivalent to a TEC operating in a channel
having a cross-section of infinite width and depth

3.12
hub height
distance from the centroid of the TEC projected capture area to the sea floor

3.13

low cut-out water velocity

water velocity during the decelerating part of the tidal cycle below which a TEC does not
produce power
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3.14

method of bins

a method of data reduction that groups test data for a certain parameter into sub-sets typified
by an independent underlying variable that can be applied both spatially (current profiler bins)
and by tidal current speed (velocity bins)

3.15

net electrical power output

the net active power at the output terminals, excluding any power generated by on-board
ancillary generators or imported via separate cables

Note [1 to entry: Additional information on this term is provided in 8.8.4.

3.16
power weighted velocity
meap velocity derived with a power weighted (velocity cubed weighted) function.io ensure|that
it is representative of the value of the incident power across the projected-capture area ps a
standard mean of the velocity would underestimate the incident power

Note [1 to entry: A more specific definition can be found in formula (1).

3.17
pringipal axis of energy capture
an aiis parallel to the design orientation or heading of a TE€vpassing through the centrojd of
theTrojected capture area

Note [1 to entry: Refer to Figure 2 for a simplified example of thie‘principal axis of energy capture.

3.18
pringipal flow direction
the primary orientation or heading of the tidal*current

Note [1 to entry: The primary flow directions for_flood and ebb tides are nominally 180° apart; however, the pxact
difference between these two directions is determined by site specific factors, such as bathymetry.

Note P to entry: Refer to Figure 2 for-a(simplified example of the principal flow directions.

3.19
projected capture area
the frontal area of the TEC, or swept area in the case of an oscillating TEC, including the |[duct
or ofher structures which contribute to the power extracted by the device perpendicular tq the
pringipal axis of energy capture

Note [1 to entry/\If the upstream and downstream areas of the device are different, the larger area should be|used
in thg calculation”of NSystem,i-

Note R toentry: The definition of projected capture area is further clarified in Figure 7.

3.20
rated water velocity
the lowest mean flow speed at which the TEC rated power is delivered to its output terminals

Note 1 to entry: Different rated water velocities may result for ebb and flood conditions depending on device
design.

3.21
r.m.s. fluctuating velocity
the root-mean square of the current speed variations in each current profiler bin

Note 1 to entry: Additional details can be found in 9.5.
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3.22

shear profile
the vertical variation of the mean current velocity across all measured current profiler bins

3.23
TEC

annual energy production

an estimate of the total energy production of a TEC during a one-year period obtained by
applying the measured flood and ebb power curves to a set of tidal current predictions, at a
stated test availability

3.2

TEC

footprint

the @rea described by the intersection of the energy extraction plane and the principal*ax

ener

Note

3.25
TEC
the

the ¢

Note
is avd

Note

3.26
TEC
ratio
undi

3.27
TEC
the

TEC

3.28
TEC
the |

Note

3.29
test
the 1

gy capture for a floating TEC that is free to move on a compliant mooring

1 to entry: Refer to Figure 6 for further details and an illustration on TEC footprint.

output terminals
node of a TEC power generation circuit where the output is available as an AC sign
rid network frequency

1 to entry: In the case of a DC output TEC, the output terminals are‘defined as the node where output |
ilable for battery charging or connection directly to the load.

P to entry: A full description of output terminal for both AC and DC cases is provided in 8.8.1.

overall efficiency
of the net power produced by the TEC“at its output terminals to the power o
sturbed flow of water with the same projected capture area as the TEC

rated power
maximum continuous electrical“power measured at the TEC output terminals which
is designed to achieve undernormal operating conditions

test site
pcation of the TEC/under test and the surrounding area

1 to entry: A full description of TEC test site requirements is provided in Clause 5.
availability
atio,of the total number of hours during a test period where all test conditions are me

is of

al at

ower

f an

the

the t

3.30
test

+al o £ L £ 4+l 4+ 4 + al
AT TIaTToTT UT TTUUTS UT UTC 1TSS T PTTTUU

data

all data points collected during the test period

3.31
test

period

the period between first data collection and last data collection, for the purpose of TEC power
performance assessment

Note

1 to entry: Refer to 8.3 for additional information.
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3.32

tidal ellipse

a graphical representation of a tidal current in which the velocity of the current at different
hours of the tidal cycle is represented by radial vectors and angles

Note 1 to entry: A line joining the extremities of the vectors will form a curve roughly approximating an ellipse.

3.33
tidal energy converter
any device which transforms the kinetic energy of tidal currents into electrical energy

3.34

velocity bin
a velocity magnitude interval, typically in the order of 0,1 m/s or less, that is used.to gfoup
datal| samples and data points for calculation of certain parameters according to fheir
corrgsponding velocity value

Note [1 to entry: Total instantaneous active electrical power, Pijn is an example of a parameter that is grquped
by ve]ocity bins. o

4 Bymbols, units and abbreviations
NOTH Sl units are assumed for all terms in this technical specification unless otherwise noted.

4.1 | Symbols and units

A Projected capture area of the TEC [mA4]
Ay Area of current profiler bin k across the projected capture area [m4]
Dg Equivalent diameter [m]
NSystem TEC overall efficiency
Nsystlem, i TEC overall efficiency in v€locity bin i
h Vertical dimension of the projected capture area [m]
i Index number defining the velocity bin
j Index number 0f the time instant at which the measurement is
performed
k Index number of the current profiler bin across the projected capture
area
L Number of samples in the defined averaging period which produces
data point n
n Index number defining an individual data point in a velocity bin
Np Number of measurement data bins
N; Number of data poinis in veloCity bin 1
Ny Number of data points in current profiler bin k
P Mean recorded TEC active power in velocity bin i [W]
Pn Mean recorded TEC active power in velocity bin i for data point n [W]
Lj,n Magnitude of the total instantaneous active electrical power from the [W]
TEC
Q; Mean recorded TEC reactive power in velocity bin i [VAr]
Qin Mean recorded TEC reactive power in velocity bin i for data point n [VAr]
Qi’j’n Magnitude of the total instantaneous reactive electrical power from the  [VAr]

TEC
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R Radius [m]

S Total number of current profiler bins across the projected capture area,
normal to the principal axis of energy capture

T Time zone shift relative to UTC [h]

U; Mean power weighted tidal current velocity in velocity bin i [m/s]

Uin Mean power weighted tidal current velocity in velocity bin i for data [m/s]
point n

Ui,j,n Instantaneous power weighted tidal current velocity across the [m/s]
projected capture area

Ui jkln Magnitude of instantaneous tidal current velocity, time j, at current [mis]
profiler bin k, in velocity bin i, for data point n

Uellipse;,, Mean tidal current velocity in velocity bin i, for current profiler bin k at [m/B]
hub-height, for data point n

Urmg; RMS fluctuating tidal current velocity in velocity bin i at current profiler  [m/F]
bin k

Urmsg; . RMS fluctuating tidal current velocity in velocity bin i, at ¢urfent profiler [m/f]
bin k, for data point n

Ushefr; Mean tidal current velocity in velocity bin i at current profiler bin k [m/B]

Ushepr;,,,  Mean tidal current velocity in velocity bin i, at cufrént profiler bin k, for ~ [m/g]
data point n

w Horizontal dimension of the projected captlre area [m]

P Density of water [kg{m3]

Bixn Mean tidal current direction in velogity bin i, at current profiler bin k, for [dep]
data point n

05 j,kn Magnitude of the instantaneaous tidal current direction, time j, at current [dep]
profiler bin k, in velocity. bin i, for data point n

4.2 | Abbreviations

AC Alternating Current

AEP Annual Energy Production

CD Committee*Draft

CT Current’Transformer

DAQ Bata Acquisition System

DC Direct Current

EXT Extrapolated

GP Glebal-Pesitering-System

HAT Highest Astronomical Tide

HV High Voltage

IEC International Electrotechnical Commission

IHO International Hydrographic Organisation (Monaco)

INT Interpolated

ISO International Standards Organization

LAT Lowest Astronomical Tide

LV Low Voltage

MHW Mean High Water

MLW

Mean Low Water
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PPT Parts per Thousand

RMS Root Mean Square

Sl International System of Units

TC Technical Committee

TEC(s) Tidal Energy Converter(s)

TEOS-10 The Thermodynamic Equation of Seawater — 2010
TS Technical Specification

uTC Coordinated Universal Time

UTM Universal Transverse Mercator

VT Voltage Transformer

WG$84 World Geodetic System 1984
5 Bite and test conditions

5.1 General

The [TEC test site should be characterized in detail and reported \prior to any assessmept of
power performance. Specifically, the bathymetry and flow(conditions should be clgarly
identified. Guidance for satisfying the reporting requirementsispecified in 10.3 are descijibed
in thjs clause.

5.2 | Bathymetry

The [bathymetry of the TEC test site should .be’ surveyed to ensure that it is free from
obsthcles and topography that could affect the performance of the TEC or the local quality of
the fidal currents. A portion of the TEC test site, 10 equivalent diameters upstream|and
downstream of, and 5 equivalent diameters”on either side of, the TEC location (an area|with
dimgnsions 20 x 10 equivalent diameters), should be surveyed in accordance with IHO Qrder
1a hydrographic survey standard. This survey is described in Chapter 1, and summarized in
Table 1, of the IHO Standards for*Hydrographic Surveys: 2008.

An analysis of the bathymetric survey of the aforementioned portion of the TEC test|site
shoyld be conducted to -clearly identify features of the local topography. Any significant
varigtion in the local bathymetry should be clearly identified and characterized. There should
be njo local bathymettic disturbances present that could lead to a serious local variation in the
qualjty and reliabjlityof the incident resource, and thus, a misrepresentation of the TEC ppwer
performance.

5.3 Flow:conditions

It is| necessary to categorize the flow conditions at the TEC test site before any power
perfunnauuc dbbcbblllUllt vdall bU IIIddU. Guidalluc ;D plUVidcd hCIU fUI thc GDDUbDIIIUIIt Of
specific ambient flow conditions, i.e. principal flow directions, and this assessment should be
completed in accordance with the description outlined below. The following parameters should
be reported:

o tidal ellipse at the energy extraction plane centreline;
e predominant direction of flood tide streamlines (i.e. principal flood flow direction);

e predominant direction of ebb tide streamlines (i.e. principal ebb flow direction).

Procedures for calculating the predominant ebb and flood streamline directions are provided
in 9.6 and a sample reporting diagram is provided in Figure 8 in 10.3. To position current
profilers appropriately, the average principal ebb and flood flow directions should be
calculated by the method of least squares.
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The principal flow direction should be determined using one of the following methods; all
measurements should take place over at least one full flood tide and one full ebb tide:

e a prediction of the flow direction at the TEC location from resource assessment modelling.
This should be corroborated by the current profiler measurements taken during the test
period or another of the methods detailed herein;

e a deployment of a bottom mounted current profiler at the TEC location, preferably prior to
the deployment of the TEC for power performance assessment. The flow direction should
be corroborated by the current profiler measurements taken during the test period or
another of the methods detailed herein;

boator bottommmournted—current profiter deptoymentat theTECtocatiom, preferatty prior
b the deployment of the TEC for power performance assessment, using a calibrpted
yroscope as a heading input;

QO _~— Q

hould the TEC device be in position before these tests then measurements should take
lace on the upstream side of the TEC on both ebb and flood tides. Measurements should
bke place over at least one full ebb tide and one full flood tide.

—~ 175 (D

Great care should be taken when measuring flow direction from beottom mounted cufrent
profilers using internal flux gate compasses as the heading input. The"following precaufions
shoyld be taken during calibration and deployment:

e il is advisable to use non-ferrous mounting frames and fittings;

e the compass calibration should take place in the deploymént frame away from all magpetic
hfluence;

the calibration of the compass should include a-¢ross-check of the heading of the cufrent
grofiler against a known magnetic north;

e if divers are used to deploy the current profiler then they should measure the orientation of
he current profiler once on the seabed witty a precision compass.

—

NOTHE None of these precautions guard againsttadditional magnetic influences at the deployed location, thg use
of a dalibrated gyroscope input avoids these magnetic effects.

Corrpboration of resource assessmient model predictions with measured quantities should not
be dpne using data that was collected to develop, validate or tune the resource model.

5.4 | TEC test site constraints

TEC| performance ass€ssment may be affected by a variety of external influences which :Leed
to be¢ mitigated. The-TEC test site, therefore, should be representative of the final deployment
envifonment and bathymetry, with the following constraints:

e the TEC test site should be free from any performance enhancing features (i.e. objec}s or
brrain.that deflect flow to create local increases in the incident resource) which arg not
repreésentative of typical operating conditions and/or deployment site(s);

—

o Unrepresentative TEC performance may be observed when the size of the TEC relative to
the cross-sectional area of the TEC test site prevents flow from diverting around the
device as would naturally occur in free-stream conditions. The TEC test site cross-
sectional area should therefore be representative of a typical deployment site. A diagram
illustrating the proportion of channel cross-sectional area consumed by the projected area
of the TEC and supporting structure (including foundations) onto the plane perpendicular
to the principal flow direction should be provided (example provided in Figure 9 in 10.3).
Data should be provided for both MLW and MHW, or LAT and HAT, conditions.
Dimensions should be provided for the hub height distance above the seabed and below
the free surface, and the proximity to any fixed boundaries should be reported. In
instances where the principal flow direction varies on the ebb and flood tide, and as a
result the projected area, a diagram for each direction should be provided.

NOTE In the event the TEC is located in a very large channel or open waterway, a suitable upper limit of channel
cross-sectional area presented in the diagram is 200 times the combined projected area of the TEC capture area
and supporting structure at low tide conditions.
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5.5 External constraints

Additional external constraints may further affect the appropriate performance assessment of
a TEC. Continuous operation of a TEC during the test period is strongly preferred and any
external constraints that may prevent TEC operation should be identified during test planning
and reported clearly. It is also necessary to enumerate the external constraints that may limit
the ability to satisfy the data collection requirements, as given in 8.3. Additional constraints
should be addressed and summarized as appropriate given the individual TEC test site.
Potential constraints may include, but are not limited to:

e regulatory limitations;

e glectric grid conditions;
e permitting limitations;
e Jdverse sea state;

e ipclement weather.
6 Tidal energy converter (TEC) description

6.1 General

A géneral description and diagram of the TEC is required. Specifically, a description of the
systém, including components, subsystems and a method of‘Operation for the TEC, as wdll as
a d¢gscription of the expected operating envelope are required. Procedures for satisfying the
reporting requirements specified in 10.2 are described.id 6.2.

6.2 | Operational parameters

As well as a detailed description of the device system and operation method, given in 10.2,
the following parameters should be reported;
e rpted TEC output power;

o rpted water velocity;

e gquivalent diameter;

e dut-in water velocity to begin power production;

bw cut-out water «elocity to end power production (if different than the cut-in water
elocity);

<

e dut-out water velocity (maximum water velocity for TEC operation);

o rptational Speed range or period for an oscillating device.

7 Test equipment

71 Electric power measurement

The net electric power of the TEC should be measured using a power measurement device
such as a transducer and should be based upon measurements of current and voltage on all
three phases for an AC TEC (measurement of current on only 2 phases is permitted where it
is demonstrated that there can be no neutral current), and the measurement of the voltage
and current for a DC TEC.

Electrical transducers and the data recording device used in the electrical measurements
should be accuracy class 0.5 or better, should be calibrated (where relevant) to recognized
and traceable standards and should meet the requirements of the following standards:

Power transducers: IEC 60688
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Instrument transformers used in the measurement of electrical power should meet the
following standards:

Current transformers (CTs): IEC 61869-2

Voltage transformers (VTs): IEC 61869-3

The operating range of the power transducer should 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
shoytdbeatteast:

Export: 5 % to 200 % of TEC rated power

Impgrt: =5 % to —50 % of TEC rated power

If tHe working range of the transducers and the recording device(:alow for class
meapurements within the power range less than +5 % of the device!s rated capacity,
valugs within the working range should be recorded at their measured values. All meas
valugs less than the lower working range of the transducers and“the recording device sh
be re¢corded as zero.

In thle case of an AC TEC, the method of calculation of theyactive and reactive power fron
voltgges and currents should be clearly documented.

Locgl power consumption during periods of non-power production should be measured
sepgrate measurement system where they are‘teo small to be accurately measured using
mainp export power measurement setup. The measurement setup should be specifie
meapure the house load with a minimum of<«class 0.5 accuracy.

NOTHE It is important that CTs are specified\corfrectly because they become non-linear for low currents; ro
<5 %| of the specified range. To improve, accuracy at low current, class 0.5S CTs can be used with a K
accurfacy down to 1 % of rated current.

7.2

Tidal current measurement

The |inflow tidal current.to the TEC should be measured with an acoustic current prg

(cur

desdribes the minimum data collection requirements for a current profiler that are tq
adopted. As suchy.any instrument chosen for data collection should be able to:

record a(ontinuous time series of tidal current speed and tidal current direction;

measure with sampling levels, at a minimum, the entire height of the TEC proje
dapture area;

0.5
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ent profiler) during® the assessment of power performance. The following subclause

be

cted

measure a vertical profile with a maximum vertical distance between sampling leve
1 m across the TEC projected capture area;

record data with a minimum number of 10 vertical sampling levels across the
projected capture area;

record data with a minimum sampling frequency of 1 Hz;
record time-stamped data;

record a continuous time series of pitch and roll of the current profiler.

Any measurements collected should adhere to the following:

s of

TEC

the recording velocity range should be capable of covering the maximum and minimum
current speeds identified at the Tidal Resource Assessment stage and with a resolution

better than +0,05 m/s;
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e the geographic position during deployment should be measured using a system with
accuracy equal to or better than a Differential GPS to identify the final current profiler
placement location accurately. If the current profiler is deployed from a vessel, the
measurement system should be positioned directly above the davit arm or block and the
wire angle should be monitored during deployment. The final current profiler placement
should adhere to the geographic tolerances described in 8.9.1.

Additionally, any available information on the following should be summarised and reported:

e the inherent Doppler noise for a given current profiler data collection scheme;

e the estimated and/or measured time stamp drift over the entire test period duration;

e (etails on current profiler pre-deployment calibration;
e (durrent profiler blanking distance;

e the number of beams and beam spreading angle.
7.3 | Data acquisition

A dgta acquisition system should be used to gather measurements and‘to"store pre-procegsed
datal End-to-end checking of any installed data acquisition system should be performed for
each signal and/or channel. The uncertainty introduced by the data-acquisition system shjould
be demonstrated as being at least one order of magnitude lower than that of other sensors.

8 Measurement procedures

8.1 General

The |objective of the measurement procedurekis' to collect data that meet a set of clg¢arly
defined criteria. This ensures that the data_is§)of sufficient quantity and quality to accurately
detefmine the power performance charactetistics of the TEC.

The |specific test conditions related tothe power performance measurement of the TEC shiould
be well defined and documented .inthe test report, as detailed in Clause 10. The test r¢port
shoyld be sufficient to allow everny procedural step to be reviewed, and if necessary, repeated.

The| accuracy of the measurements should be expressed in terms of measurement
uncgrtainty, as describgdhin Annexes A and B.

The [time used far 'data acquisition and all other test reporting should be UTC + T hougs. T
shoyld not alteffor the test period and the time used should be clearly stated in the|test
report.

8.2 | Operational status

During-themeasurement period, the T EC shoutdbe im normatoperation as prescribed n the
TEC operations manual. The machine configuration should not be changed during the test
period. The control algorithm should not be changed during the test, and key parameters that
control the performance of the machine should be those that are planned for normal
operation, rather than for the test period alone.

At least one parameter indicating the operational status of the TEC should be monitored so
that the test availability during the test period can be calculated.

A test log should be kept during the test period which details:

e times when the machine became unavailable or partially unavailable and the cause;

o the periods of data collection;
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e any recordings of measured quantities that are not logged on the data-acquisition devi
i.e. time drift, sea level depth;

e any other unusual circumstances.

ces,

Normal maintenance of the turbine may be carried out throughout the test period, but such

work should be noted in the test log. In particular any special maintenance actions which

may

ensure good performance during the test, such as blade washing, should be noted. Such
special maintenance actions should by default not be made, unless agreed by contractual

parties prior to commencement of the test.

8.3 —Data—collesction

The [test should take place over a minimum of a spring-neap cycle (15 days) so-~thaf
requirements of 8.7 should be met; it is likely that that the test will exceed 15 days|fo en
sufficient data is recorded. The test availability should exceed 80 % during this)15 day
perigd. It is acceptable to record data on subsequent days with a maximumduration o
test period of 90 days.

Incident resource and power measurements should be collected at asampling rate of 1 H
highgr.

The [data acquisition systems should store raw sampled data,/This includes the current prq
datalacquisition system where the data from each ping should\be recorded.

No f|ltering, other than anti-aliasing filtering, may be us&d prior to data acquisition.

8.4 Instrument calibration

Instiuments should be calibrated where required by an organisation complying with
requirements of ISO/IEC 17025:2005.

For power measurement transducers\(CTs, VTs and power transducers) it is acceptab
rely jon the certificate of conformity to the relevant standard as proof of its accuracy. W

the
sure
test

the

Z or

filer

the

e to
here

therg¢ is no certificate of confefmity, i.e. for a power meter, then a calibration should be

performed.

Where the current profiling sensors on current profiler devices can be calibrated, a cu
caligration certificate(should be provided. Otherwise a certificate of conformity is required
ther¢ should be evidence that the current profiler is in a serviceable state (an auditable
test). The internalcompass should be calibrated before deployment using the procedure g
by the manufacturer, taking care to avoid the effects of external magnetism. A final ¢
agaipst the.known magnetic north is a sensible precaution. Any pressure gauge should ha
current calibration certificate.

rrent
and
self-
iven
heck
ve a

;llg

The power curve should be derived using data obtained during normal operation of the

TEC

device as prescribed in the TEC operations manual. The exclusion of data sets should be
allowed under the following circumstances to ensure that data during abnormal operations or

corrupt data is not included in the derivations:

e the TEC is manually shut down or in test or maintenance mode;

e the TEC is unable to operate due to a failure condition. The TEC is fully or partially

unavailable;
external conditions other than current speed are out of the operating range of the TEC;

there is a failure or degradation of the test equipment or any downstream electrical
equipment that would affect the measured results;
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e the TEC is operating in a limiting mode due to an external factor, i.e. network limitations.
Any exclusion criteria, including those listed above, should be fully reported and

substantiated. Individual outliers should not be removed unless they meet one of the general
exclusion criteria.

Filtering the data during the data processing operation is not permitted.

8.6 Averaging

Selected data points and resulting data sets should be based on 10 min averaging periods
deriyed from continuous measured data samples, and this averaging period should remain
congtant for the entirety of the test period.

An gptional additional data set may be processed and reported at an averaging)period [less
than[ 10 min but greater than or equal to 2 min. A suitable integer divisor of 10,min, or 600 s,
shoyld be used.

A data set should be discarded if less than 90 % of the data peints are valid dup to
meagurements falling outside of data acquisition limits. Criteria for excluding data sets| are
discyussed in 9.2.2 and detailed in 8.5.

Where separate data acquisition systems are used, acmethod of associating the jame
averpging periods should be devised. A method for monitoring the drift of all acquigition
deviges’ time stamp relative to UTC + T hours shoudld be devised and the data regpair
techhique reported.

8.7 | Test data properties

The |test data should contain two data setsi;one data set associated with flood operation{and
one data set associated with ebb operation. The selected data sets should be sorted using the
method of bins procedure (see 9.3.1)x“The selected data sets should at a minimum coVer a
current speed range extending froms

e 50 % of cut-in velocity to 120"% of the current speed at TEC rated power.

OR

14

e 80 % of cut-in velocity to 80 % of the maximum current speed predicted at the site, to
include the current speed at the TEC rated power.

A flgod or ebb{data set should be considered complete when it has met the following criteria:

e gachvelocity bin includes a minimum of 30 min of sampled data;

e gath.data set includes a minimum of 180 h of sampled data.

If there is an incomplete velocity bin preventing completion of the test then that velocity bin
value can be estimated by linear interpolation from two directly adjacent complete bins. 90 %
of the bins across the power curve range should be complete.

The data sets should be presented in the test report as detailed in 10.7.

8.8 Electric power measurement
8.8.1 Output terminals of the TEC

In the case of an AC TEC, its output terminals should be at the point where the output power
is in the form of AC at the network frequency.
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This point may be on either the LV side or the HV side of the TEC step-up transformer. Where
the AC TEC is not grid connected this point should be where the frequency is stable and at a
commonly used network frequency of 50 Hz or 60 Hz.

In the case of a DC TEC, its output terminals should be at the point where the power is in
suitable DC form for battery charging or connecting directly to the DC load.

In both AC and DC cases, the output terminals should also be located at the point of the net
electrical power output of the TEC (see 8.8.4).

) ' icati ' icati DC
TEC belng adapted for AC use it should be separately tested The same should apply when
adapting a TEC from AC to DC use.

8.8. The power measurement location

The [power measurement location should be at the output terminals of the TEC.

Whelre this is impracticable or infeasible, losses due to cables and othercomponents between
the measurement point and the TEC’s output terminals should be~ealculated and the power
output should be adjusted accordingly. The methodology for these.Corrections should be [fully
detajled, explained and accompanied with supporting documentation as necessary.

The [power measurement location should be stated with justifications when it is not the o{tput
termfinals. The measured output should be adjusted_@s specified above and stated for the
output terminals of the TEC.

Some TEC technologies have remote sub:-systems that are external to the primary energy
extraction equipment itself, such as power converters that are located ashore, but should be
condidered as a part of the complete system for the purposes of performance assessmernt. In
thesp situations, the TEC power should be measured at the output terminals of the TEC]|(i.e.
at the output of the onshore power’converter). Losses due to cables and other components
between the main TEC systemand the remote sub-systems that are site specific should be
calcylated and the power qutput should be adjusted accordingly. The methodology for these
corre¢ctions should be fully detailed and explained and accompanied by supporting
docymentation as necessary.

8.8.4 Power measurements

The [net electrical power output should be the net active power at the output terminals|(i.e.
reduced by -auxiliary power requirements), excluding any power generated by on-bpard
ancillary(generators or imported via separate cables. For AC TECs, the reactive power af this
point shiould also be recorded. The power (or voltages and currents) measurements should be

1 411
dlglt zedatamintmumof-+H=

—

8.9 Incident resource measurement
8.9.1 Current profiler placement relative to TEC

Measuring instruments should be installed at appropriate positions close to the actual TEC
location to provide an acceptably accurate measurement of tidal current (magnitude and
direction) conditions experienced during operation. The measurement instruments should be
capable of recording the temporal variation in tidal velocity, in three orthogonal components,
vertically throughout the water column across the projected capture area of the TEC energy
extraction plane. The distance from the sea floor at the current profiler deployment location to
the centre of each current profiler bin should be reported.
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The positioning of the measuring instruments should be such that they capture the ambient
current behaviour without modification due to the proximity of the TEC, but sufficiently close
to the TEC to be representative of the local current regime. The difference in total water depth
between the sampling location and the TEC location should be within £10 % of the water
depth relative to a known chart datum. Maximum and minimum distances between the
recording device and the TEC should be based on the appropriate equivalent diameter for a
given TEC and allowable ranges are given in Figures 2 to 5. These instruments should be
deployed in one of two orientations, A (in-line) or B (adjacent); however, orientation A is
strongly preferred due to potential blockage effects, horizontal shear and variations in
bathymetry. Substantial justification should be provided if orientation B is chosen:

A —|In-line (Figure 2): Two measuring instruments should be placed in-line with the, TEC,
one upstream of the TEC extraction plane on the flood tide and the other upstream on’the|ebb
tide.| These instruments should be placed such that the distance from the nearest-external
surfIce of the measuring volume (Figure 3) to the projected capture areaCof the [TEC
extraction plane is always greater than 2 equivalent diameters and less than)5 equivalent
diameters. These instruments should be placed within %2 equivalent diameter '0f the pringipal
ebb|and flood direction streamlines coincident with the TEC extraction plane vertical
centfeline.

Or

B — Adjacent (Figure 4): Two measuring instruments should,be placed adjacent to the TEC,
one [starboard and one port of the TEC extraction plane. Fhese instruments should be placed
such that the distance from the nearest external surface of the measuring volume (Figufe 5)
to the TEC extraction plane lateral extent is always{greater than 1 equivalent diameter|and
less|than 2 equivalent diameters. These instruments should be placed within 7% equiv?ent

diameter of the TEC extraction plane lateral centreline. The linear average should be taken
between any two measured values at equivalent water depths with identical measurement bin
heights. The variation in measured axial veldcity should be less than 10 % between the| two
meapuring instruments for the linear average to be considered a valid approximation of the
flow|at the energy extraction plane.
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Figure 2 — Orientation A for current profiler deployment (plan view)
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Figure 3 — Orientation A for current profiler deployment (section view)
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Figure 4 — Orientation B for current profiler deployment{plan view)
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Figure 5 — Orientation B for current profiler deployment (section view)

A flgating” TEC that is free to move on a compliant mooring should use current profiler(s)
positioned in one of the following ways:

e a current profiler mounted on the TEC itself that complies with orientations A or B, shown
in Figures 2 through 5;

e a bottom mounted current profiler on both ebb and flood tides positioned in such a way
that the footprint (the area described by the intersection of the energy extraction plane and
the principal axis of energy capture) does not exceed the dimensions detailed in Figure 6;

e if none of these deployment orientations are achievable, an array of bottom mounted
current profilers may be used, and a correction methodology developed and justified, such
that the ambient current behaviour without modification due to the proximity of the TEC is
measured. One method of justifying a methodology would be to perform a site calibration.

For any current profiler orientation, a device should monitor and record the position of the
floating TEC itself.
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Redeployment of a current profiler during the test period should be avoided. Where this is
impracticable the current profiler should ideally be redeployed to the same position (leaving
the seabed frame in place and retrieving the current profiler only). A redeployed current
profiler should comply with the orientations outlined.

De
TEC Footprint | .
(Ebb Tide) —* Principal Axis of
: Energy Capture
_____________ f— ===
| s 3D;
Energy Extraction Plane :
Principal Ebb Direction | 2D¢
Current Profiler -
Current Profiler +
Principal Flood Direction |
TEC Footprint
—
- (Flood Tide)

LS
-

IEC 980/13

Figure 6 — Orientation-for floating TEC current profiler deployment (plan view)

8.9.2 Contribution from turbulence

While there is acpotentially significant influence on TEC power performance due to turbul¢nce
inhefent in theltidal flow, no corrections for the effect of turbulence should be performed in the
reported assessment of power performance. Future efforts will be made to quantify|this
influence; \however, this issue is not covered at this stage of the Technical Specification
devglopment.

8.9.3 Contribution from waves

While there is a potentially significant influence on TEC power performance due to wave
interaction with the tidal flow, no corrections for the effect of waves should be performed in
the reported assessment of power performance. Future efforts will be made to quantify this
influence; however, this issue is not covered at this stage of the Technical Specification
development.

Measurement and reporting of the wave climate is strongly recommended if there is a
significant wave climate at the TEC test site during the test period. Refer to informative Annex
D for wave climate measurement guidance.
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9 Derived results

9.1 General
9.1.1 Introductory remarks

The performance of the TEC device should be described by a representative power curve for
each of the flood and ebb tide. Though not included as a normative part of this Technical
Specification, the TEC annual energy production (TEC AEP) estimate can be calculated using
the method recommended in informative Annex C using the measured in-situ data and a
frequency distribution of the tidal currents for the site.

The |effects of flow misalignment on TEC performance are not addressed in this Jechnical
Spegification at this time. The user of this information should be aware that tidal)sites |with
large flow misalignment may result in significant performance variations.

9.1.2 Water density

A representative value for the density of seawater at 15 °C.‘and 35 PPT salinity
(p =|1 025 kg/m3) should be used for all calculations. If applicable, an“alternative density |may
be Ysed to account for the influence of freshwater at the TEC<{deployment site, assuming
reaspnable convergence of the measured mean water (density over time. Detailed
meagurements of the water temperature and salinity, as well as the formula used to dérive
dengity, should be included to justify any variation frém"the representative value. |The
Thefmodynamic Equation Of Seawater — 2010 (TEOS-10) should be used for seawater
dengity calculations in this situation.

9.2 | Data processing
9.2.1 Filtering

Filtefing of the data is only permitted during the data collection phase as per 8.3.

9.2.2 Exclusion

The [power curve should be derived using data sets obtained during normal operation of the
TEC|device.

Datg sets should be discarded in the following instances:

e if less than 90:% of the data points are valid due to measurements falling outside of data
cquisition/limits.

Q)

e if the current profiler is not able to resolve the flow over 90 % of the current profiler bins in
he projected capture area.

—

The lexclusion—of-data—setsis—only allowed underthecircumsta d—in-8-5—Aldata
series should be traceable and any reasons for exclusion of data in the data derivation
process should be fully reported and substantiated.

9.2.3 Correction

All data corrections required during the derivation of results should be fully reported and
substantiated.

9.3 Calculation of the power curve
9.3.1 Method of bins

The power curve constitutes a plot of the power production (y-axis) against the incident tidal
current resource (x-axis). This curve is derived using the method of bins approach to calculate
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the mean values of the power output and the tidal current velocity for each bin. The method of
bins is summarized as follows:

9.3.

It should be assumed that the tidal current velocity data sample at any elevation above
sealed is representative of the tidal current velocity across the.@ntire width of the proje
captpre area at that elevation. The vertical variation of the tidal current velocity at each
sampling interval (data sample Uijkn ) should be integrated,across the projected cap

area, to provide a power weighted current velocity, ﬁi_j_n rbased upon the following formula

(1)

A= YA (2)
whefe
A is the projected capturearea of the TEC [mZ?];
Ay is the area of currént profiler bin k across the projected capture area [mZ2];
i is the index number defining the velocity bin;
j is the index number of the time instant at which the measurement is performed;
k is the index number of the current profiler bin across the projected capture area;
n is theindex number defining an individual data point in a velocity bin;
issthe total number of current profiler bins across the projected capture area normal
to the principal axis of energy capture;
Gi,j,n s—the—imstantaneous power —weighted—tidat—current—vetocity across—the—projected
capture area [m/s];
Uijkn is the magnitude of the instantaneous tidal current velocity, time j, at current profiler

calculate the instantaneous power weighted velocity from each current profiler
averaged across the projected capture area;

bin

calculate the temporal (10 min) power weighted average value of these velocity data

samples;

calculate the average value of the active and reactive power data samples to produce

active and reactive power data points;

gnd reactive power data are also binned according to their corresponding velocity
Value;

dalculate an average velocity data point and power data points using all of the-data p
in the velocity bin. Plot this average velocity data point with the correspanding ave
ctive and reactive power data points.

Q)

2 Detailed description of method of bins

gnd illustrated in Figure 7 for additional clarity:

—~

1 S 3 1/3
Uijn = [X " Zik=1 Uijien 'Ak]

bin the velocity data points according to their corresponding velocity bin value. The active

bin

Dints
rage

the
cted
time
ture

bin k, in velocity bin i, for data point n [m/s].
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&7

Figure 7 — The vertical variation of tidal current across{the projected capture area

IEC 981/13

Whether the TEC is fixed, having no yaw capability, or\¢apable of orientating to the domipant
tidal|current direction, the recorded velocity magnitude/should be used for data sample U} .

The |instantaneous power weighted tidal curreni-velocity calculated in formula (1) shoulfd be
averpged over the period defined in 8.6 (typically 10 min). Formula (3), by taking the temporal
averpging of ﬁi_j_n, will produce a mean power weighted tidal current velocity, U;,, which will
form| a data point in the data set of a spegific current velocity bin, i. A corresponding avertged
actije power and reactive power output for that specific velocity bin should also be calculated
over|the period defined in 8.6 as given in formulae (4) and (5).

NOTHE As an example, assuming i'=\1*suggests the current velocity bin of 0,5 m/s. As such, the bin will contgin all
currept velocities data points between Uln = 0,45 m/s and Uln < 0,55 m/s. The corresponding Pln and an data
point$ are also associated with the 0,5 m/s current velocity bin. Similarly, i = 2 suggests a current velocity bin of
0,6 m/s where 0,55 m/s < Uz,n < 0,65 m/s for all data points n.

— 1 ey 3 1/3
Uin = [t 2k Oy’ (3)
= 1
Pn= L ZjL=1 Pi,j,n (4)
15L
= T 221 Qijn (®)
where:
i is the index number defining the velocity bin;
j is the index number of the time instant at which the measurement is performed;
L is the number of samples in the defined averaging period which produces data point
n;
n is the index number defining an individual data point in a velocity bin;

P is the mean recorded TEC active power in velocity bin i for data point n [W];
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Piin is the magnitude of the total instantaneous active electrical power from the TEC
WI;

Qin is the mean recorded TEC reactive power in velocity bin i for data point n [VAr];

Qijn is the magnitude of the total instantaneous reactive electrical power from the TEC
[VATr];

Uin is the mean power weighted tidal current velocity in velocity bin i for data point n
[m/s];

Ui,j,n is the instantaneous power weighted tidal current velocity across the projected

capture area [m/s].

The |measured active power curve is to be calculated by binning the current velocity’data
using a maximum velocity bin increment of 0,10 m/s. If a velocity bin increment smaller than
0,10] m/s is chosen, it should be an increment that is an integer divisor of 0,10 m/s. A
sepdrate power curve is required for each of the flood and ebb data set as per(the calculation

in formulae (6) and (7):

whefe:

—-

is the number of data points in velocity-bin

oz

=T=T"T
) [=}

=]

—

in tapular format as defined in 10.8.

is the index number defining the velocity bin;
is the index number defining an individual.data point in a velocity bin;

i

is the mean recorded TEC active pewer in velocity bin i [W];

is the mean recorded TEC active power in velocity bin i for data point n [W];

is the mean power weighted+idal current velocity in velocity bin i [m/s];

is the mean power weighted tidal current velocity in velocity bin i for data point n [m

he |active power curve for.the flood and ebb data sets should be presented in graphical

(6)

(7)

and

For TECs that praduce AC power, the reactive power should also be measured in a sifilar

manper as desgribed for active power, formula (7), as shown by formula (8):

(8)

Qi = Nll 22;1 _i,n
where:
i is the index number defining the velocity bin;
n is the index number defining an individual data point in a velocity bin;
N; is the number of data points in velocity bin i;

Q; is the mean recorded TEC reactive power in velocity bin i [VAr];

Qin is the mean recorded TEC reactive power in velocity bin i for data point n [VAr].

The reactive power for the flood and ebb data sets should be presented in tabular format as

defined in 10.8.
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9.3.3 Interpolation

If the number of data points in a velocity bin is insufficient (i.e. less than 30 min of data as
specified in 8.7) and is preventing the completion of the test program, the value in that
velocity bin can be estimated by linear interpolation from the two adjacent completed bins.
This process can be repeated for multiple velocity bins as long as no more than 10 % of the
total number of velocity bins is interpolated. It is not permissible to interpolate a velocity bin
with an incomplete adjacent velocity bin.

9.3.4 Extrapolation

9.3. Uncertainty calculation

The [graphical representation of the power curve should display the mean recorded TEC agtive
power as a function of the mean power weighted tidal current velocity. Thevalde of powdr for
each velocity bin is a mean, or expected value, based upon an average_6f\the collected |data
points in that bin. Consequently, there should be a distribution of~data points scattered
randomly around the mean value, with a standard deviation attachedo”that distribution.[The
standard deviation on each bin in the power curve should provide one of the levels of
uncgrtainty associated with the behaviour of the device at the_site. The derivation of ovierall
systém performance uncertainty should also account for the gontributions made by the bias of
the measuring instruments and other sources of uncertainty (i.€. current profiler position).

Additional details on the estimation of the uncertainty-in. measurement of the power curvg are
desdribed in Annexes A and B.

The |power curve data points for each velocity bin are expected to have a normal distribdition
around the mean value of each velocity binn“The user is recommended to use higher qrder
metifics such as skewness and kurtosis to,confirm this assumption.

9.4 | Mean tidal current velocity vertical shear profile

The [mean tidal current velocity vertical shear profile should be calculated over the full jtidal
currEnt velocity range from cgutsin to cut-out water velocity at 0,5 m/s increments using the

meap current velocity at thé hub height current profiler bin as the reference. When the nean
current velocity at the hub height is within £ 0,05 m/s of one of the specified increments| the
averpge current velocity-corresponding to each current profiler bin should be calculated ysing
the data samples measured during the defined averaging period. These average cufrent
velogities will produee a vertical shear profile for a given reference tidal current velocity. It
shoyld be notedithat the tidal current data points are binned according to their corresponding
currgnt profiler<bin, k, for this procedure.

The [shear profile should be computed separately for both the flood and ebb tides.|The
procedure is summarized as follows:

At each period when the hub height average velocity is within +0,05 m/s of the targeted
velocity value, the average current velocity at each current profiler bin should be calculated as
shown in formula (9):

—_ 1
Ushearjj, = © Yit1 Uijin )

where:

i is the index number defining the velocity bin;
j is the index number of the time instant at which the measurement is performed;
k is the index number of the current profiler bin across the projected capture area;
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Uik

Ushe

is the index number defining an individual data point in a velocity bin;

is the number of data samples in the defined averaging period which produces

data point n;

n is the magnitude of the instantaneous tidal current velocity, time j, at current
profiler bin k, in velocity bin i, for data point n [m/s];

arjxn is the mean tidal current velocity in velocity bin i, at current profiler bin k, for

data point n [m/s].

The current profiler bin including the TEC hub height should be used. If the hub height is
situated on the boundary of two current profiler bins. the use of either current profiler bin

to calculate the average current velocity in each current profiler bin. (S is the total numb

curr
capt

All o

whe

The
sho
velo

9.5

The

corrgsponding/torthe TEC hub height, should be reported at velocity bins from cut-in to cu

velo

At €

adja{ent to the hub height is acceptable. Formula (9) is repeated for all values of k fromnm.1

nt profiler bins normal to the principal axis of energy capture across theé)proje
ure area).

f the data points in each current profiler bin are then averaged using formula (10):

T s p—
Ushear; = N s, Ushearjy

is the index number defining the velocity bin;

is the index number defining an individual data point in a velocity bin;
is the number of data points in current profiler bin k;
51,1( is the mean tidal current velocity(in velocity bin i at current profiler bin k;

ar; ., is the mean tidal current velo€ity in velocity bin i, at current profiler bin k, for
point n [m/s].

mean tidal current velocity.vertical shear profile, Ushear;y, for the flood and ebb data
Id be presented for velocity bins, i, in 0,5 m/s increments from cut-in to cut-out W
City in graphical and in\tabular format as defined in 10.7.

RMS fluctuating'tidal current velocity

RMS fluctuating velocity and corresponding standard deviation at the current profile

City in 0(5')m/s increments (i.e. 1,0, 1,5, 2,0, 2,5 m/s).

ach jperiod when the average hub height velocity is within +0,05 m/s of the targ

is the index number of the current profilerbin across the projected capture area;

toS
br of
cted

(10)

data

sets
ater

r bin
-out

eted

velo

nin

form

~i’r\l/ bin increment the RMS fllm’rllnfing current \Inlnr‘ify should be calculated as shaoy

ula (11):

— |iyL 2
Urms;yn = \/EZj:1(Ui,j,k,n — Ushear;n)

where:

is the index number defining the velocity bin;

(11)

is the index number of the time instant at which the measurement is performed;

is the index number of the current profiler bin across the projected capture area;

is the index number defining an individual data point in a velocity bin;
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L is the number of data samples in the defined averaging period which produces
data point n;
Uijkn is the magnitude of the instantaneous tidal current velocity, time j, at current

profiler bin k, in velocity bin i, for data point n [m/s];

Urms; is the RMS fluctuating tidal current velocity in velocity bin i, at current profiler bin
k, for data point n [m/s];

Ushear;y is the mean tidal current velocity in velocity bin i, at current profiler bin k, for
data point n [m/s].

All of the data points for the hub height current profiler bin are then averaged using formula
(12)

Urms; = Nik Zg‘z‘l Urms; y (12)
whefe:
i is the index number defining the velocity bin;
k is the index number of the current profiler bin across<he projected capture afea;
n is the index number defining an individual data point in a velocity bin;
Ny is the number of data points in current profiler bin'k;
Urmg; is the RMS fluctuating tidal current velocity, in”velocity bin i at current profilef bin
k [m/s];
Urmg; is the RMS fluctuating tidal current velocity in velocity bin i, at current profilef bin

k, for data point n [m/s].

The |RMS fluctuating tidal current velocity,Urms; ,, for the flood and ebb data sets should be
presented for velocity bins, i, in 0,5 m/slincrements from cut-in to cut-out water velocity, in
tabujar format as defined in 10.7.

9.6 | Tidal ellipse at hub height

The ftidal ellipse at hub height'should be calculated for the full tidal current velocity range from
cut-in to cut-out water veloCity using average tidal current magnitude and direction data
points. The average tidalhcurrent magnitude is calculated using formula (13). This calculation
shoyld only be perfarmed for the value of k, corresponding to the current profiler bin|that
contpins, or is adjacent to, hub height.

N | N 1

Uellipse;jn = 1 Xjz1 Uijin (13)
wherfe:
i is the index number defining the velocity bin;
j is the index number of the time instant at which the measurement is performed;
k is the index number of the current profiler bin across the projected capture area;
n is the index number defining an individual data point in a velocity bin;
L is the number of data samples in the defined averaging period which produces

data point n;

Uijkn is the magnitude of the instantaneous tidal current velocity, time j, at current

profiler bin k, in velocity bin i, for data point n [m/s];

Uellipse;,  is the mean tidal current velocity in velocity bin i, for current profiler bin k at hub-
height, for data point n [m/s].
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In a similar manner, the corresponding average tidal current direction should be calculated
using formula (14).

— 1lgL
ei,k,n -1 Z]’:l ei,j,k,n

where:

is the index number defining the velocity bin;
is the index number of the time instant at which the measurement is performed;

(14)

All @
shol
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floog
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9.7

The
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deri

is the index number of the current profiler bin across the projected capture area;
is the index number defining an individual data point in a velocity bin;

is the number of data samples in the defined averaging period which prodtces
point n;

is the mean tidal current direction, in velocity bin i, at current profiler bin k, for
point n [deg];

kln is the magnitude of the instantaneous tidal current directien,”time j, at of cu

profiler bin k, in velocity bin i, for data point n [deg].

pngles that cross 360°/0°, care should be taken to ensure’the correct averaging of
current direction. Formula (15) provides a suggested method.

— sy sinOfj k,n)
0. = arctan | == < o0
bln Tl (C03661kn)

f the resulting average tidal current magnitude and corresponding direction data p
Id be displayed on a polar plot.

e displaying the measured principal flow directions, as determined in 5.3, of both
and ebb tides during the test~period should be plotted through the tidal ellipse
s using the method of least 'squares. Both flood and ebb data should be plotted on
b graph to allow easier comparison of the relative difference from one tide to the o

xample plot is provided-in:Figure 8 in 10.3.

Calculation of the'TEC overall efficiency

TEC overall efficiency at its output terminals should be added to the test results
ented as detailed in 10.9. The TEC overall efficiency for each velocity bin i shoul
ed from_the-measured flood and ebb power curves according to formula (16):

n

o

data

data

rrent

the

(15)

bints

the
data
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her.

and
l be

(16)

System,i = —
1o T8

>

0

where:

A is the projected capture area of the TEC [m2];

P is the mean recorded TEC active power in velocity bin i [W];
U; is the mean tidal current velocity in velocity bin i [m/s];

Nsystem,i 1S the TEC overall efficiency in velocity bin i;

p
9.8

is the density of water, as defined in 9.1.2 [kg/m3].

TEC annual energy production (TEC AEP)

The calculation of the TEC AEP is not included in this Technical Specification at this time
because an appropriate published resource assessment Technical Specification is not yet
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available. A normative reference for the assessment and calculation of the TEC AEP will be
added when such a resource assessment specification becomes available. In the interim, a
recommended methodology for the calculation of TEC AEP has been included in Annex C for
reference.

10 Reporting format

10.1 General

Reporting requirements are described below. All work performed should adhere to the
requ F Y = | = = o = = S - = - - S - 2alaYs j as
desdribed in 10.11 below.

10.2] TEC report

The| TEC under evaluation should be described in full. As a minimum,” the following
parameters should be provided:

=l

. EC make, type, serial number, production year;

e type of energy capture technology employed and standard dimensions of the TEC. [This
hould incorporate the use of a diagram, and include projected capture area, supporting
bundation/platform/mooring system, and distance above the“seabed for a bottom-moujnted

evice or below the surface for a floating device;

O —h (n

e device equivalent diameter;

bcation of the energy extraction plane;

[ ]
(@)

escription of the control system (device and software version);

e TEC power rating and operational parametérs, as described in 6.2, including:
<+ rated TEC output power;

41 rated water velocity;

4 equivalent diameter;

41 cut-in water velocity to, begin power production;

4 low cut-out water velocity to end power production (if different than the cut-in water
velocity);

-+ cut-out water yelocity (maximum water velocity for TEC operation);
-1 rotational speed range or period for an oscillating device.

description_of the power take-off system up to the power measurement location. [This
ghould include the rated voltage, current and frequency rating (where applicable) gf all
domponents including the generator, converter, and any other equipment used to
dondition, transfer, or store power. A diagram detailing the power take-off system|and
lpcation of the power measurement location should also be provided. Where applicable,
calculations to account for cable losses as described in 8.8.2 and 8.8.3 should be
provided in detail.

10.3 TEC test site report

The TEC test site should be well defined in accordance with the details in Clause 5. This
should include:

e a minimum of one hydrographical/navigational chart of the test area that is of suitable
scale to demonstrate the following information:

— TEC location (expressed in Latitude/Longitude or UTM in WGS84); for moored devices,
typical TEC location at slack tide, flood tide, ebb tide and an illustration of the watch
circle / TEC footprint experienced during the tests;

— illustration of the TEC footprint (fixed device) or anchor location(s) (floating device);
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— electrical cable route and length (if applicable);

— shoreline profile;

reference datum;

— any nearby tidal gauges or environmental monitoring stations;

— any other notable features or infrastructure in proximity to the device;

[ ]
o=

°
= =

[ ) [ ]
—~ = = = D

®
—

Q)

assessment

TEC angular orientation relative to True North (where applicable for a fixed device);

water depth and tidal range in terms of MLW and MHW, or LAT and HAT, including the

identification of the current measurement locations used during the tidal resource

lear identification of any unique features;

pporting of the current profiler positions including a figure illustrating that
pquirements of 8.9 are satisfied;

xtraction plane current profiler bins;

n 5.3 and 9.6 (see example Figure 8);

pporting (with diagram) of the cross-sectional area of the testing location consume
he TEC and foundation as described in 5.4 (see example Figure 9);

erformance or operational periods as discussed in\5.5;

s discussed in 9.1.2;

pporting of the wave climate where applicable as described in 8.9.3.

pporting of the bathymetry in accordance with the survey prescribed in 5.2, incliding

the

pporting of the vertical dimension, and centre position above the seabed, of the energy

pporting of the tidal ellipse and principal flow directions relative te’the TEC as descirjibed

d by

pporting of external constraints affecting or having the potential to affect typical dgvice

eporting of any variation from the representative water density if used for the calculafions



https://iecnorm.com/api/?name=6625a7cd4feed751673c67dd6fbc8d10

- 36 — TS 62600-200 © IEC:2013

Flood Principal Flow Direction
(11,8 degrees)

+ Flocd Ellipse Bin Data

Ebb Ellipse Bin Data
3|}:‘__ - Turbine Heading (16,4 degrees)
,*'F ‘.. el | - Principal Flow Directions
r" ™
s +" “ e TaTa et
[F0 - ek
i' e I' "‘ .
¢ . - ‘1
‘ L %
K “‘-,_h .
i : -\'-\.‘_ |~
B ] " ) v4,0m/s
’ ; K 3,0mfs
i i H
. " ; R
0=} ! . ' 2707
T i ¥ P
III .I IIl Il
N I1 5 II
' \ “
A ¥ M r‘
§ 5 - i
". [ i o
1 PR
N - A % S
1202~ S 240°
l\ ‘-\- ‘!
‘\.
e
150% =~

Ebb Principal Flow Direction

(182,4 degrees)
IEQ]

igure 8 — Example tidal ellipse plot identifying principal ebb and flood directions



https://iecnorm.com/api/?name=6625a7cd4feed751673c67dd6fbc8d10

TS 62600-200 © IEC:2013 - 37 -

PLAN VIEW

PLANE PERPENDICULAR TO

PRINCIPAL FLOW DIRECTION FOR
CALCULATION OF CONSUMED
- CHANNEL AREA
4

B \ENERGY EXTRACTION PLANE

PRINCIPAL (ALIGNED WITH DEVICE)

FLOW
DIRECTION

SECTION VIEW H.AT. AT4,13m
TOTAL CHANNEL CROSS-SECTIONAL AREA = 5 417 m?
CHANNEL AREA CONSUMED BY TEC AND FOUNDATION = 3,8%

LAT.AT0,13m
TOTAL CHANNEL CROSS-SECTIONAL AREA =4 502 m*
CHANNEL AREA CONSUMED BY TEC AND FOUNDATION = 4,6%
v [ e
\__— v / /

PROJECTED TEC AREA = 89,2 th?
PROJECTED FOUNDATION AREA = 117,9 m*

IEC 983/13

-

\J

igure 9 — Example plot of the channel cross-sectional area consumed by the TE(
on plane perpendicular to principal flow direction (plan and section view)

10.4) Electrical grid and load-report

Grid| parameters including voltage, frequency, and permitted tolerances should be provided.
Any |prevailing grid conditions limiting or having the potential to limit the power output ddring
the testing period should be reported.

For devices nofteonnected to a utility grid (i.e. used to charge battery powered systenis) a
detajled desgription of the electrical load, to be representative of the load for which the THC is
designed, _should be provided. Where applicable, this should include specification of| the
battgries, charge controller and dump load used to dissipate energy from the system.

10.5 Test equipment report

A description of all test equipment including sensors, DAQ, current profiler, and power take-
off components should be provided. For each component, this should include:

e name, model number, and general description;

e specification sheet demonstrating ability to meet requirements defined in Clause 7;

e reporting of all user-defined settings;

e calibration documentation or certificate of conformance, as well as documentation of
compliance to manufacturer-recommended procedures;

e current profiler settings as prescribed in 7.2.
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The method and results of DAQ end-to-end testing, in accordance with 7.3, should be
reported.

10.6 Measurement procedure report

A description of the measurement procedure, in accordance with Clause 8, should be
provided. This includes:

o reporting of the time used for data acquisition (UTC £ T hours), procedural steps, test
conditions, sampling rate, time-drift considerations as per 8.6, and averaging time for each
data set;

Q)

log book containing details as prescribed in 8.2 should be appended to the report.
10.7] Presentation of measured data

Infojmation detailing the measured data used to populate the velocity bins sheuld be provided
in a|scatter plot for each of the flood and ebb datasets. In each plot, mean/récorded ppwer
(P,n)} the maximum and minimum values, and the standard deviation shouldybe plotted agginst
the mean recorded current velocity (U;,) for each data point during the testing period.

Velocity vertical shear profile and RMS fluctuating velocity, calcufated as described in 9.4/and
9.5, should also be reported for both the ebb and flood tide datasets.

rting of the velocity shear as a function of the €urrent profiler bin across the enkergy
ction plane, with a sample plot provided in Figure 11. Table 2 provides an examplé for
reporting the RMS fluctuating velocity at hub height.

An CIxample of the scatter plot is provided in Figure 10~ Table 1 provides an exampIeL for

Scatter Plot of Mean’Recorded TEC Active Power
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1400 +4- + Standapd Reviation

|
1200

1000

800

U

400

200
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Figure 10 — Example scatter plot of performance data
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Table 1 — Example presentation of the mean tidal current velocity vertical shear

— 39 —

(mean velocity shear) data

Hub Height Velocity = 1,0 m/s
Current Current Profiler Bin Mean Velocity Shear
Profiler Bin, k Vertical Extents [m] Ushear;, [m/s]
1 0,00-0,45 0,996
2 0,45-0,91 1,004
3 0,91-1,36 1,003
5 1,82-2,27 1,015
6 2,27 - 2,73 (Hub Height) 1,023
7 2,73-3,18 1,021
8 3,18 -364 1,026
9 3,64 - 4,09 1,029
10 4,09-455 1,029
11 4,55-5,00 1,028
Hub Height Velocity = 1,5 m/s

Current Profiler Bin Location Across Energy Extractién Plane vs. Mean Velocity Shear

(Hub Height Velocity = n/s)
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Figure 11 — Example plot of the mean tidal current velocity vertical shear
(mean velocity shear) profile
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Table 2 — Example presentation of the RMS fluctuating tidal current velocity
at hub height

Hub Height Velocity RMS Fluctuating Velocity at Hub Height

[m/s] Urms; ;. [m/s]
1.0 0,082

1,5 0,097

10.8] Presentation of the power curve

The |power curve, calculated as per 9.3, should be presented in the report in both tabular|and
graplical format as follows:

o table detailing each of the flood and ebb tide data set bins containing the following

information should be provided:

Q)

41 bin number;

41 bin current velocity range;

-+ bin mean current velocity (U;);

<4 bin mean recorded TEC power output (P,);

4 selected bin duration and number of data sets in each bin;
4 category A, B, and combined standard uncertainty.

plot of mean recorded TEC active power (P) vs. mean power weighted tidal cufrent
elocity (U;), containing a data set for each of\the flood and ebb tides, should be provided.
ncertainties should be excluded from this,plot;

< Q)

plot of mean recorded TEC active, power (P) vs. mean power weighted tidal cufrent
elocity (U;) including standard uncertainty bars calculated as per Annexes A and B,|and
ontaining a data set for each of theflood and ebb tides, should be provided;

0O < Q)

plot of mean recorded TEGlactive power (P,) vs. mean power weighted tidal cufrent
elocity (U;) including data points excluded as per 8.5 or 9.2.2, and containing a data set
pr each of the flood and-ebb tides, should be provided. Justification of any criteria used to
xclude data points shoutd also be provided;

M _—Hh < M)

o plots of daily powertcurves should be provided in an appendix to facilitate data review.

Intefpolated data, peints, as described in 8.7 and 9.3.3 should be designated with an “INT”
next|to the binAumber in the table and corresponding table rows and plotted points should be
formlatted in atlalternative colour. Table 3 provides an example format.

Figu[es 12, 13, and 14 provide examples of the required plots.
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Table 3 — Example presentation of the power curve data

Power Output Standard Uncertainty
. Mean Recorded | Mean Recorded .
Velocity Bin | Bin Velocity Range Mean Power Walgl?teci TEC Active TEC Reactive Number °_f Data If'omts Category A |Category B | Combined
. Tidal Current Velocity T; = — (10 minute bin
Number i [mis] . Power P; Power Q; duration) [kw] [kw] [kw]
[mis] kW] [KVAR]
1 0,500 - 0,549 0523 205 0,00 B 0,041 410 410
2 0,550 - 0,599 0,569 274 0,00 6 0,030 4,10 410
3 0,600 - 0,649 0,644 2388 0,00 7 0,099 4,10 4,10
4 0,650 0,699 0,686 256 0,00 6 0,652 410 4,10
5 0,700-0,749 0,719 255 0,00 8 0,713 410 4710
6 0,750-0,799 0,760 269 0,00 7 0,301 410 4710
7 0,300 - 0,849 0,836 273 0,00 9 0,107 4,10 410
B 0,350 0,899 0,365 3,00 0,00 11 0,073 4,10 4,10
U000 - 0,049 U933 247 00 g T.009 710 10
0 0,950 - 0,999 0975 237 0,00 6 0,058 410 afio
1 1,000- 1,049 1,023 557 62.07 8 0,113 437 4p7
2 1,050 - 1,099 1,074 255 62,14 6 0,049 451 451
3 1,100 - 1,149 1126 12,64 62.06 10 0,194 503 53
14[INT 1,150 1,199 1,170 19,13 62,17 2
5 1,200- 1,249 1,230 2562 62,33 7 0,257 6.60 650
3 3.600- 3,640 3623 155655 62,26 11 0,624 17,94 1495
4 3,650 - 3,699 3,690 1556,01 62.24 6 0,656 17,81 1782
5 3,700-3,749 3,730 1557.42 62,30 8 0,360 17 66 1767
6 3.750-3,799 3,765 1560,07 62.40 7 0,376 17,69 1769
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Figure 12 — Example presentation of the power curve
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Measured Power Curve with Uncertainty Bars
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Figure 13 — Example presentation of @power curve with uncertainty bars
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Figure 14 — Example presentation of the power curve showing excluded data points
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