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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 200: Electricity producing tidal energy converters —
Power performance assessment

FOREWORD

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

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

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

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

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

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

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

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification 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
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 62600-200, 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
other water current converters , can be found on the IEC website.

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

« transformed into an International Standard,
* reconfirmed,

e withdrawn,

* replaced by a revised edition, or

+ amended.

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
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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MARINE ENERGY —
WAVE, TIDAL AND OTHER WATER CURRENT CONVERTERS -

Part 200: Electricity producing tidal energy converters —
Power performance assessment

1 Scope

This Technical Specification provides:

e a systematic methodology for evaluating the power performance of tidal current energy
converters (TECs) that produce electricity for utility scale and localized grids;

e a definition of TEC rated power and rated water velocity;

e a methodology for the production of the power curves for the TECs in consideration;

o a framework for the reporting of results.

Exclusions from the scope of this Technical Specification are as follows:

o tidal energy converters (TECs) that provide forms of energy other than electrical energy
unless the other form is an intermediary step that is converted into electricity by the TEC;

e resource assessment. This will be carried out in the tidal energy resource characterization
and assessment Technical Specification (future IEC/TS 62600-201);

e scaling of any measured or derived results;
e power quality issues;
e any type of performance other than power and energy performance;

e the combined effect of multiple TEC arrays.
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 60688:2012, Electrical measuring transducers for converting AC and DC electrical
guantities to analogue or digital signals

IEC 61400-12-1:2005, Wind turbines — Part 12-1: Power performance measurements of
electricity producing wind turbines

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, IHO 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

acoustic current profiler

an instrument that produces a record of water current velocities for specified depth and time
intervals over a pre-determined distance through the water column

Note 1 to entry: Current profilers can be configured in many ways: downward facing, mounted on boats or
moorings, installed on the seabed facing upwards, or mounted on a TEC oriented in any direction desired for tidal
current and wave studies. Detailed specifications for the use of acoustic current profilers are provided in this
technical specification.

3.2
averaging period
the period of time, in minutes, over which data samples are averaged to calculate a data point

3.3

current profiler bin

a distance interval, typically vertically on the order of 1 m or less, that is used to group data
samples and data points for calculation of certain parameters according to their corresponding
distance above the seabed or below the surface

Note 1 to entry: Mean current velocity, Ushear;y, , is an example of a parameter that is grouped by current profiler
bins.

3.4

cut-in water velocity

water speed during the accelerating part of the tidal cycle, above which there is power
production

3.5
cut-out 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, andQ , 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;. and Q;,  are all examples of data samples. A data sample may consist of one or
multiple current pro’fil'er '‘pings' depending on the setting of the device.
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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 1 to entry: Refer to Figures 2 and 3 for a simplified illustration of the energy extraction plane. For devices
with multiple extraction planes, an appropriate upstream energy extraction plane on both ebb and flood tides
should be identified.

3.10

equivalent diameter

a common method used to transform a TEC that is non-circular in cross-section, where the
cross-section is parallel to the energy extraction plane, into an equivalent device with a
circular cross-section

Dg

where:

A is the projected capture area

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

2 Circular Capture Areas 1 Ducted Capture Area 1 Rectangular Capture Area
w
Dg,1 = 2R1; Dg 2= 2Rz A = Apuct A=A;=hw

A = 1%4n(Dg 12 + Dg 2?)
De = (Dg, 12 + Dg, 22)1/2

DE, puct = ZRpuct

D = DE, buct

Dg,1 = (4hw/m)1/2
De = Dg, 1

IEC 975/13

Figure 1 — Equivalent diameter calculations for various TEC projected capture areas

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

mean velocity derived with a power weighted (velocity cubed weighted) function to ensure that
it is representative of the value of the incident power across the projected capture area as 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

principal axis of energy capture

an axis parallel to the design orientation or heading of a TEC passing through the centroid of
the projected capture area

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

3.18
principal 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 exact
difference between these two directions is determined by site specific factors, such as bathymetry.

Note 2 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 other structures which contribute to the power extracted by the device perpendicular to the
principal 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 the calculation of NSystem,i-

Note 2 to entry: 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

3.24

TEC footprint

the area described by the intersection of the energy extraction plane and the principal axis of
energy capture for a floating TEC that is free to move on a compliant mooring

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

3.25

TEC output terminals

the node of a TEC power generation circuit where the output is available as an AC signal at
the grid network frequency

Note 1 to entry: In the case of a DC output TEC, the output terminals are defined as the node where output power
is available for battery charging or connection directly to the load.

Note 2 to entry: A full description of output terminal for both AC and DC cases is provided in 8.8.1.

3.26

TEC overall efficiency

ratio of the net power produced by the TEC at its output terminals to the power of an
undisturbed flow of water with the same projected capture area as the TEC

3.27

TEC rated power

the maximum continuous electrical power measured at the TEC output terminals which the
TEC is designed to achieve under normal operating conditions

3.28
TEC test site
the location of the TEC under test and the surrounding area

Note 1 to entry: A full description of TEC test site requirements is provided in Clause 5.

3.29

test availability

the ratio of the total number of hours during a test period where all test conditions are met, to
the total number of hours of the test period

3.30
test 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 group
data samples and data points for calculation of certain parameters according to their
corresponding velocity value

Note 1 to entry: Total instantaneous active electrical power, Pijn is an example of a parameter that is grouped
by velocity bins. o

4 Symbols, units and abbreviations
NOTE 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 [m?]
Ay Area of current profiler bin k across the projected capture area [m2]
Dg Equivalent diameter [m]
Nsystem TEC overall efficiency
NSystem,i TEC overall efficiency in velocity bin i
h Vertical dimension of the projected capture area [m]
i Index number defining the velocity bin
j Index number of 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 points in velocity bin i
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]
ijn Magnitude of the total instantaneous active electrical power from the [W]
TEC
Q; Mean recorded TEC reactive power in velocity bin i [VATr]
Qin Mean recorded TEC reactive power in velocity bin i for data point n [VATr]
Qijjn _I\r/lé\gnitude of the total instantaneous reactive electrical power from the  [VAr]
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R Radius

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

U; Mean power weighted tidal current velocity in velocity bin i

Uin Mean power weighted tidal current velocity in velocity bin i for data
point n

Gi,j,n Instantaneous power weighted tidal current velocity across the
projected capture area

§) Magnitude of instantaneous tidal current velocity, time j, at current

i,j,kn
Urmsi_k
Urms; y

Ushear;

Ushear;y

T =

il
=
=}

0jkn

profiler bin k, in velocity bin i, for data point n

Mean tidal current velocity in velocity bin i, for current profiler bin k at
hub-height, for data point n

RMS fluctuating tidal current velocity in velocity bin i at current profiler
bin k

RMS fluctuating tidal current velocity in velocity bin i, at current profiler
bin k, for data point n

Mean tidal current velocity in velocity bin i at current profiler bin k

Mean tidal current velocity in velocity bin i, at current profiler bin k, for
data point n

Horizontal dimension of the projected capture area

Density of water

Mean tidal current direction in velocity bin i, at current profiler bin k, for
data point n

Magnitude of the instantaneous tidal current direction, time j, at current
profiler bin k, in velocity bin i, for data point n

4.2 Abbreviations

AC
AEP
CcD
cT
DAQ
DC
EXT
GPS
HAT
HV
IEC
IHO
INT
ISO
LAT
LV
MHW
MLW

Alternating Current

Annual Energy Production

Committee Draft

Current Transformer

Data Acquisition System

Direct Current

Extrapolated

Global Positioning System

Highest Astronomical Tide

High Voltage

International Electrotechnical Commission
International Hydrographic Organisation (Monaco)
Interpolated

International Standards Organization
Lowest Astronomical Tide

Low Voltage

Mean High Water

Mean Low Water

[m]

(h]
[m/s]

[m/s]
[m/s]
[m/s]
[m/s]
[m/s]
[m/s]

[m/s]

[m/s]

[kg/m3]
[deg]

[deg]
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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

WGS84 World Geodetic System 1984
5 Site and test conditions

5.1 General

The TEC test site should be characterized in detail and reported prior to any assessment of
power performance. Specifically, the bathymetry and flow conditions should be clearly
identified. Guidance for satisfying the reporting requirements specified in 10.3 are described
in this clause.

5.2 Bathymetry

The bathymetry of the TEC test site should be surveyed to ensure that it is free from
obstacles and topography that could affect the performance of the TEC or the local quality of
the tidal 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
dimensions 20 x 10 equivalent diameters), should be surveyed in accordance with IHO Order
la 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
should be conducted to clearly identify features of the local topography. Any significant
variation in the local bathymetry should be clearly identified and characterized. There should
be no local bathymetric disturbances present that could lead to a serious local variation in the
guality and reliability of the incident resource, and thus, a misrepresentation of the TEC power
performance.

5.3 Flow conditions

It is necessary to categorize the flow conditions at the TEC test site before any power
performance assessment can be made. Guidance is provided here for the assessment 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;

e a boat or bottom mounted current profiler deployment at the TEC location, preferably prior
to the deployment of the TEC for power performance assessment, using a calibrated
gyroscope as a heading input;

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

Great care should be taken when measuring flow direction from bottom mounted current
profilers using internal flux gate compasses as the heading input. The following precautions
should be taken during calibration and deployment:

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

e the compass calibration should take place in the deployment frame away from all magnetic
influence;

e the calibration of the compass should include a cross-check of the heading of the current
profiler against a known magnetic north;

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

NOTE None of these precautions guard against additional magnetic influences at the deployed location, the use
of a calibrated gyroscope input avoids these magnetic effects.

Corroboration of resource assessment model predictions with measured quantities should not
be done using data that was collected to develop, validate or tune the resource model.

5.4 TEC test site constraints

TEC performance assessment may be affected by a variety of external influences which need
to be mitigated. The TEC test site, therefore, should be representative of the final deployment
environment and bathymetry, with the following constraints:

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

e 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 electric grid conditions;

e permitting limitations;

e adverse sea state;

e inclement weather.

6 Tidal energy converter (TEC) description

6.1 General

A general description and diagram of the TEC is required. Specifically, a description of the
system, including components, subsystems and a method of operation for the TEC, as well as
a description of the expected operating envelope are required. Procedures for satisfying the
reporting requirements specified in 10.2 are described in 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 rated TEC output power;

e rated water velocity;

e equivalent diameter;

e cut-in water velocity to begin power production;

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

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

7 Test equipment

7.1 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 (VTSs): 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
should be at least:

Export: 5 % to 200 % of TEC rated power
Import: =5 % to —-50 % of TEC rated power

If the working range of the transducers and the recording device allow for class 0.5
measurements within the power range less than +5 % of the device’s rated capacity, the
values within the working range should be recorded at their measured values. All measured
values less than the lower working range of the transducers and the recording device should
be recorded as zero.

In the case of an AC TEC, the method of calculation of the active and reactive power from the
voltages and currents should be clearly documented.

Local power consumption during periods of non-power production should be measured by a
separate measurement system where they are too small to be accurately measured using the
main export power measurement setup. The measurement setup should be specified to
measure the house load with a minimum of class 0.5 accuracy.

NOTE It is important that CTs are specified correctly because they become non-linear for low currents; roughly
<5 % of the specified range. To improve accuracy at low current, class 0.5S CTs can be used with a known
accuracy 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 profiler
(current profiler) during the assessment of power performance. The following subclause
describes the minimum data collection requirements for a current profiler that are to be
adopted. As such, any instrument chosen for data collection should be able to:

e record a continuous time series of tidal current speed and tidal current direction;

e measure with sampling levels, at a minimum, the entire height of the TEC projected
capture area;

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

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

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

e record a continuous time series of pitch and roll of the current profiler.
Any measurements collected should adhere to the following:

o 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;

o the estimated and/or measured time stamp drift over the entire test period duration;
e details on current profiler pre-deployment calibration;

e current profiler blanking distance;

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

A data acquisition system should be used to gather measurements and to store pre-processed
data. 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 should
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 procedure is to collect data that meet a set of clearly
defined criteria. This ensures that the data is of sufficient quantity and quality to accurately
determine the power performance characteristics of the TEC.

The specific test conditions related to the power performance measurement of the TEC should
be well defined and documented in the test report, as detailed in Clause 10. The test report
should be sufficient to allow every procedural step to be reviewed, and if necessary, repeated.

The accuracy of the measurements should be expressed in terms of measurement
uncertainty, as described in Annexes A and B.

The time used for data acquisition and all other test reporting should be UTC + T hours. T
should not alter for the test period and the time used should be clearly stated in the test
report.

8.2  Operational status

During the measurement period, the TEC should be in normal operation as prescribed in 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 devices,
i.e. time drift, sea level depth;

e any other unusual circumstances.

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 collection

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

Incident resource and power measurements should be collected at a sampling rate of 1 Hz or
higher.

The data acquisition systems should store raw sampled data. This includes the current profiler
data acquisition system where the data from each ping should be recorded.

No filtering, other than anti-aliasing filtering, may be used prior to data acquisition.

8.4 Instrument calibration

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

For power measurement transducers (CTs, VTs and power transducers) it is acceptable to
rely on the certificate of conformity to the relevant standard as proof of its accuracy. Where
there is no certificate of conformity, 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 current
calibration certificate should be provided. Otherwise a certificate of conformity is required and
there should be evidence that the current profiler is in a serviceable state (an auditable self-
test). The internal compass should be calibrated before deployment using the procedure given
by the manufacturer, taking care to avoid the effects of external magnetism. A final check
against the known magnetic north is a sensible precaution. Any pressure gauge should have a
current calibration certificate.

8.5 Data processing

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;

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

e 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
derived from continuous measured data samples, and this averaging period should remain
constant for the entirety of the test period.

An optional 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,
should be used.

A data set should be discarded if less than 90 % of the data points are valid due to
measurements falling outside of data acquisition limits. Criteria for excluding data sets are
discussed in 9.2.2 and detailed in 8.5.

Where separate data acquisition systems are used, a method of associating the same
averaging periods should be devised. A method for monitoring the drift of all acquisition
devices’ time stamp relative to UTC + T hours should be devised and the data repair
technique reported.

8.7 Test data properties

The test data should contain two data sets, 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). The selected data sets should at a minimum cover a
current speed range extending from:

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

e 50 % 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 flood or ebb data set should be considered complete when it has met the following criteria:

e each velocity bin includes a minimum of 30 min of sampled data;
e each 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).

Results obtained for DC applications are not valid for AC applications. In the event of a DC
TEC being adapted for AC use it should be separately tested. The same should apply when
adapting a TEC from AC to DC use.

8.8.2 The power measurement location

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

Where this is impracticable or infeasible, losses due to cables and other components between
the measurement point and the TEC’s output terminals should be calculated and the power
output should be adjusted accordingly. The methodology for these corrections should be fully
detailed, explained and accompanied with supporting documentation as necessary.

The power measurement location should be stated with justifications when it is not the output
terminals. The measured output should be adjusted as specified above and stated for the
output terminals of the TEC.

8.8.3 Remote TEC sub-systems

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
considered as a part of the complete system for the purposes of performance assessment. In
these 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 system and the remote sub-systems that are site specific should be
calculated and the power output should be adjusted accordingly. The methodology for these
corrections should be fully detailed and explained and accompanied by supporting
documentation 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-board
ancillary generators or imported via separate cables. For AC TECs, the reactive power at this
point should also be recorded. The power (or voltages and currents) measurements should be
digitized at a minimum of 1 Hz.

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
surface of the measuring volume (Figure 3) to the projected capture area of the TEC
extraction plane is always greater than 2 equivalent diameters and less than 5 equivalent
diameters. These instruments should be placed within % equivalent diameter of the principal
ebb and flood direction streamlines coincident with the TEC extraction plane vertical
centreline.

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. These instruments should be placed
such that the distance from the nearest external surface of the measuring volume (Figure 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 % equivalent
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 velocity should be less than 10 % between the two
measuring 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 floating 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;

o 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.
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Current Profiler -
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IEC 980/13

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

8.9.2 Contribution from turbulence

While there is a potentially significant influence on TEC power performance due to turbulence
inherent in the tidal 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
development.

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.

uld usym pajjonuooun ‘paniwiad si uonnguUIsIp 10 uonanpoidal Jayluny ON UosIpeN sawer AQ #T0Z-2Z-A0N U0 PapeojuMop ‘Wod°18a1syda)suonduasgns “auj ‘(duuslos) sisinay uoswoyl Aq owsag yg 01 pasusdl| euarew pajybukdod



- 26 — TS 62600-200 © IEC:2013

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 Technical
Specification 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 used to account for the influence of freshwater at the TEC deployment site, assuming
reasonable convergence of the measured mean water density over time. Detailed
measurements of the water temperature and salinity, as well as the formula used to derive
density, should be included to justify any variation from the representative value. The
Thermodynamic Equation Of Seawater — 2010 (TEOS-10) should be used for seawater
density calculations in this situation.

9.2 Data processing
9.2.1 Filtering

Filtering 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.

Data sets should be discarded in the following instances:

o if less than 90 % of the data points are valid due to measurements falling outside of data
acquisition limits.

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

The exclusion of data sets is only allowed under the circumstances defined in 8.5. All data
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:

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

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

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

e bin the velocity data points according to their corresponding velocity bin value. The active
and reactive power data are also binned according to their corresponding velocity bin
value;

e calculate an average velocity data point and power data points using all of the data points
in the velocity bin. Plot this average velocity data point with the corresponding average
active and reactive power data points.

9.3.2 Detailed description of method of bins

It should be assumed that the tidal current velocity data sample at any elevation above the
seabed is representative of the tidal current velocity across the entire width of the projected
capture area at that elevation. The vertical variation of the tidal current velocity at each time
sampling interval (data sample Uiikn ) should be integrated across the projected capture
area, to provide a power weighted current velocity, ﬁi_j_n , based upon the following formula
(1) and illustrated in Figure 7 for additional clarity:

~ 1 1/3
Uijn = [X'le(n Uﬁj,k,n'Ak] (1)
A= Yo Ax (2)
where:
A is the projected capture area of the TEC [m?];
Ay is the area of current profiler bin k across the projected capture area [m?];
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;
is the total number of current profiler bins across the projected capture area normal
to the principal axis of energy capture;
ﬁi‘j‘n is the instantaneous power weighted tidal current velocity across the projected

capture area [m/s];

ij.k,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].
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Figure 7 — The vertical variation of tidal current across the projected capture area

Whether the TEC is fixed, having no yaw capability, or capable of orientating to the dominant
tidal current direction, the recorded velocity magnitude should be used for data sample Uj; , .

The instantaneous power weighted tidal current velocity calculated in formula (1) should be
averaged over the period defined in 8.6 (typically 10 min). Formula (3), by takmg the temporal
averaging of Ul]n, will produce a mean power weighted tidal current velocity, U;,, which will
form a data point in the data set of a specific current velocity bin, i. A corresponding averaged
active 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).

NOTE As an example, assuming i = 1 suggests the current velocity bin of 0,5 m/s. As such, the bin will contain all
current velocities data points between U1n = 0,45 m/s and U1n < 0,55 m/s. The corresponding Pln and an data
points 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 . 371/3
Uin = [I Y1 Uign ] (3)
15L
n = T Zjc1 Pjn (4)
_ 1lyL
T 21 Qijn (5)
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
[VAT];

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

ﬁi‘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
separate power curve is required for each of the flood and ebb data set as per the calculation
in formulae (6) and (7):

Ui = N_1 Zn=1 Ui,n (6)

el

1 i s
= N_1 ZE:l Pi,n (7)

where:

—-

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;

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

P, isthe mean recorded TEC active power in velocity bin i for data point n [W];
U; is the mean power weighted tidal current velocity in velocity bin i [m/s];

cl

in IS the mean power weighted tidal current velocity in velocity bin i for data point n [m/s].

The active power curve for the flood and ebb data sets should be presented in graphical and
in tabular format as defined in 10.8.

For TECs that produce AC power, the reactive power should also be measured in a similar
manner as described for active power, formula (7), as shown by formula (8):

Q= Znks Qi (8)
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 [VATr];

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

Extrapolation of the data during the data processing operation is not permitted.

9.3.5 Uncertainty calculation

The graphical representation of the power curve should display the mean recorded TEC active
power as a function of the mean power weighted tidal current velocity. The value of power for
each velocity bin is a mean, or expected value, based upon an average of 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 attached to that distribution. The
standard deviation on each bin in the power curve should provide one of the levels of
uncertainty associated with the behaviour of the device at the site. The derivation of overall
system performance uncertainty should also account for the contributions made by the bias of
the measuring instruments and other sources of uncertainty (i.e. current profiler position).

Additional details on the estimation of the uncertainty in measurement of the power curve are
described in Annexes A and B.

The power curve data points for each velocity bin are expected to have a normal distribution
around the mean value of each velocity bin. The user is recommended to use higher order
metrics 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 tidal
current velocity range from cut-in to cut-out water velocity at 0,5 m/s increments using the
mean current velocity at the hub height current profiler bin as the reference. When the mean
current velocity at the hub height is within £ 0,05 m/s of one of the specified increments, the
average current velocity corresponding to each current profiler bin should be calculated using
the data samples measured during the defined averaging period. These average current
velocities will produce a vertical shear profile for a given reference tidal current velocity. It
should be noted that the tidal current data points are binned according to their corresponding
current 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

Ushearjy, = © Y1 Uijien 9
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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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;

Ui jk,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];

Ushear; 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
adjacent to the hub height is acceptable. Formula (9) is repeated for all values of k from 1 to S
to calculate the average current velocity in each current profiler bin. (S is the total number of
current profiler bins normal to the principal axis of energy capture across the projected
capture area).

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

Ushear; = Nik Zg‘:‘l Ushear; (10)
where:
i is the index number defining the velocity bin;
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;
Ny is the number of data points in current profiler bin k;

Ushear; is the mean tidal current velocity in velocity bin i at current profiler bin k;

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

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

9.5 RMS fluctuating tidal current velocity

The RMS fluctuating velocity and corresponding standard deviation at the current profiler bin
corresponding to the TEC hub height, should be reported at velocity bins from cut-in to cut-out
velocity in 0,5 m/s increments (i.e. 1,0, 1,5, 2,0, 2,5 m/s).

At each period when the average hub height velocity is within £0,05 m/s of the targeted
velocity bin increment, the RMS fluctuating current velocity should be calculated as shown in
formula (11):

1 —_—
Urms;yn = \/EZjLzl(Ui,j,k,n — Ushear;n)? (11)
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;
n 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;
Ui jk.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];
Urms; y is the RMS fluctuating tidal current velocity in velocity bin i, at current profiler bin
k, for data point n [m/s];
Ushear; 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)
where:
i is the index number defining the velocity bin;
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;
Ny is the number of data points in current profiler bin k;
Urms; is the RMS fluctuating tidal current velocity in velocity bin i at current profiler bin
k [m/s];
Urms; y is the RMS fluctuating tidal current velocity in velocity bin i, at current profiler 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/s increments from cut-in to cut-out water velocity, in
tabular format as defined in 10.7.

9.6 Tidal ellipse at hub height

The tidal 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 tidal current magnitude is calculated using formula (13). This calculation
should only be performed for the value of k, corresponding to the current profiler bin that
contains, or is adjacent to, hub height.

N | N 1

Uellipse;jn = 1 Xjz1 Uijin (13)
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;
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;

Ui jk,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];

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).

= 1
Oikn = Y1 6ijkn (14)
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;
n 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;
Bikn is the mean tidal current direction, in velocity bin i, at current profiler bin k, for data

point n [deq];

Bijk,n Iis the magnitude of the instantaneous tidal current direction, time j, at of current
profiler bin k, in velocity bin i, for data point n [deg].

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

— Z]L=1 Si“(ei,]’,k,n)]

Bip, = arct 15
pon = ATCHAN [T oS 815 10m) (15)

All of the resulting average tidal current magnitude and corresponding direction data points
should be displayed on a polar plot.

A line displaying the measured principal flow directions, as determined in 5.3, of both the
flood and ebb tides during the test period should be plotted through the tidal ellipse data
points using the method of least squares. Both flood and ebb data should be plotted on the
same graph to allow easier comparison of the relative difference from one tide to the other.
An example plot is provided in Figure 8 in 10.3.

9.7 Calculation of the TEC overall efficiency

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

nSystem,i: 1 Pi — (16)
7.p.A .Ul
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 is the density of water, as defined in 9.1.2 [kg/m3].

9.8 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
requirements in this Technical Specification, and any deviations should be documented as
described 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:
e TEC make, type, serial number, production year;

e type of energy capture technology employed and standard dimensions of the TEC. This
should incorporate the use of a diagram, and include projected capture area, supporting
foundation/platform/mooring system, and distance above the seabed for a bottom-mounted
device or below the surface for a floating device;

e device equivalent diameter;
e |ocation of the energy extraction plane;
e description of the control system (device and software version);
e TEC power rating and operational parameters, as described in 6.2, including:
— rated TEC output power;
— rated water velocity;
— equivalent diameter;
— cut-in water velocity to begin power production;

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

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

e description of the power take-off system up to the power measurement location. This
should include the rated voltage, current and frequency rating (where applicable) of all
components including the generator, converter, and any other equipment used to
condition, transfer, or store power. A diagram detailing the power take-off system and
location 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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— TEC angular orientation relative to True North (where applicable for a fixed device);
— electrical cable route and length (if applicable);
— shoreline profile;

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

— any nearby tidal gauges or environmental monitoring stations;
— any other notable features or infrastructure in proximity to the device;

— identification of the current measurement locations used during the tidal resource
assessment.

reporting of the bathymetry in accordance with the survey prescribed in 5.2, including
clear identification of any unique features;

reporting of the current profiler positions including a figure illustrating that the
requirements of 8.9 are satisfied;

reporting of the vertical dimension, and centre position above the seabed, of the energy
extraction plane current profiler bins;

reporting of the tidal ellipse and principal flow directions relative to the TEC as described
in 5.3 and 9.6 (see example Figure 8);

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

reporting of external constraints affecting or having the potential to affect typical device
performance or operational periods as discussed in 5.5;

reporting of any variation from the representative water density if used for the calculations
as discussed in 9.1.2;

reporting of the wave climate where applicable as described in 8.9.3.
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Figure 8 — Example tidal ellipse plot identifying principal ebb and flood directions
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PLAN VIEW

i PLANE PERPENDICULAR TO

k PRINCIPAL FLOW DIRECTION FOR
CALCULATION OF CONSUMED
—— CHANNEL AREA

1
[l
!
ENERGY EXTRACTION PLANE

TPR[NCIPAL (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%
< ¥ [ e
Y — ¥ / /

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

IEC 983/13

Figure 9 — Example plot of the channel cross-sectional area consumed by the TEC
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 during
the testing period should be reported.

For devices not connected to a utility grid (i.e. used to charge battery powered systems) a
detailed description of the electrical load, to be representative of the load for which the TEC is
designed, should be provided. Where applicable, this should include specification of the
batteries, 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:

e 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;

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

Information detailing the measured data used to populate the velocity bins should be provided
in a scatter plot for each of the flood and ebb datasets. In each plot, mean recorded power
(P,n), the maximum and minimum values, and the standard deviation should be plotted against
the mean recorded current velocity (U;,) for each data point during the testing period.

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

An example of the scatter plot is provided in Figure 10. Table 1 provides an example for
reporting of the velocity shear as a function of the current profiler bin across the energy
extraction plane, with a sample plot provided in Figure 11. Table 2 provides an example for
reporting the RMS fluctuating velocity at hub height.

Scatter Plot of Mean Recorded TEC Active Power
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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
(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
4 1,36-1,82 1,011
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 Extraction Plane vs. Mean Velocity Shear
(Hub Height Velocity = 1 m/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
graphical format as follows:

a table detailing each of the flood and ebb tide data set bins containing the following
information should be provided:

— bin number;

— bin current velocity range;

— bin mean current velocity (U;);

— bin mean recorded TEC power output (P.);

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

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

e a plot of mean recorded TEC active power (P) vs. mean power weighted tidal current
velocity (U;) including standard uncertainty bars calculated as per Annexes A and B, and
containing a data set for each of the flood and ebb tides, should be provided;

e a plot of mean recorded TEC active power (P) vs. mean power weighted tidal current
velocity (U;) including data points excluded as per 8.5 or 9.2.2, and containing a data set
for each of the flood and ebb tides, should be provided. Justification of any criteria used to
exclude data points should also be provided;

e plots of daily power curves should be provided in an appendix to facilitate data review.

Interpolated data points, as described in 8.7 and 9.3.3 should be designated with an “INT”
next to the bin number in the table and corresponding table rows and plotted points should be
formatted in an alternative colour. Table 3 provides an example format.

Figures 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 . 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
9 0,000 - 0,949 0,933 242 0,00 9 0,009 410 410
10 0,950 - 0,999 0975 237 0,00 6 0,058 410 410
1 1,000- 1,049 1,023 557 62.07 8 0,113 437 437
12 1,050 - 1,099 1,074 255 62,14 6 0,049 451 451
13 1,100 - 1,149 1126 12,64 62.06 10 0,194 503 503
14 INT 1,150 1,199 1,170 19,13 62,17 2
15 1,200- 1,249 1,230 2562 62,33 7 0,257 6,60 6,60
63 3,600 - 3,649 3623 158655 6206 11 0524 794 17.05
64 3,650 - 3,699 3,690 1556,01 62.24 6 0,656 17,81 17,82
65 3,700-3,749 3,730 1557.42 62,30 8 0,360 17 66 17,67
66 3.750-3,799 3,765 1560,07 62.40 7 0,376 17,69 17,69
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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 the 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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10.9 Presentation of the TEC overall efficiency

The TEC overall efficiency, ngysiem j» Calculated as per 9.7, should be presented in both
tabular and graphical format for each of the ebb and flood tide data sets. Values calculated
using interpolated power curve data points should be designated with an "INT” next to the bin
number in the table, and corresponding table rows and plotted points should be formatted in
an alternative colour.

Table 4 and Figure 15 provide sample formats for the presentation of these results.

Table 4 — Example presentation of the TEC overall efficiency

Velocity Bin | Bin Velocity Range TEC Overall Efficiency
Number i [mis] ) I—
1 0,500 - 0,549 -0.067
2 0,550 - 0,599 -0,062
3 0,600 - 0,649 -0,057
4 0,650 - 0,699 -0,040
5 0,700 - 0,749 -0,032
B 0,750 - 0,799 -0,028
7 0,800 - 0,849 -0,024
8 0,850 - 0,899 -0,022
g 0,900 - 0,949 -0,003
10 0,950 - 0,999 -0,012
11 1,000 - 1.049 0,025
12 1,050 - 1,099 0,010
13 1,100 - 1,149 0,043
14 INT 1,150 - 1,199 0,055
15 1,200 - 1,249 0,068
16 1,250 - 1,299 0,155
17 1,300 - 1,349 0173
83 3,600 - 3649 0,158
64 3,660 - 3699 0,152
65 3,700 - 3,749 0,146
66 3,750 -3,799 0,140
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TEC Overall Efficiency vs. Mean Power Weighted Tidal Current Velocity
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Figure 15 — Example presentation of the TEC overall efficiency curve

10.10 Uncertainty assumptions

Uncertainty assumptions on all uncertainty components should be provided as described in
9.3.5 as well as Annexes A and B.

10.11 Deviations from the procedure

Any deviations from the requirements of this Technical Specification should be clearly
documented in a separate clause. Each deviation should be supported with the technical
rationale and an estimate of its effect on test results.
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Annex A
(normative)

Categories of error

This annex addresses the requirements for the determination of uncertainty in measurement.
The theoretical basis for determining the uncertainty using the method of bins, with a worked
example of estimating uncertainties, can be found in Annex B.

The measured power curve should be supplemented with an estimate of the uncertainty of the
measurement. The estimate should be based on ISO/IEC Guide 98-3:2008, Uncertainty of
measurement — Part 3: Guide to the expression of uncertainty in measurement (GUM:1995).

Following ISO/IEC Guide 98-3, there are two types of uncertainties: category A, the
magnitude of which can be deduced from measurements, and category B, which are
estimated by other means. In both categories, uncertainties are expressed as standard
deviations and are denoted standard uncertainties.

e The quantities intended to be measured are:

The power curve, determined by the measured and normalized bin values of electric
power and current speed, and the estimated annual energy production. Uncertainties in
the measurements are converted to uncertainties in the quantities intended to be
measured by means of sensitivity factors.

e Uncertainty components:
Table A.1 provides a minimum list of uncertainty parameters that should be included in the
uncertainty analysis.

Table A.1 — List of uncertainty parameters
to be included in the uncertainty analysis

Measured Uncertainty Uncertainty
parameter component category
Electric power Current transformers B
Voltage transformers B
Power transducer or power measurement device B
Variability of electric power A
Current speed Current profiler accuracy B
Depth measurement relative to performance B
surface
Misalignment of performance surface with B
principal flow direction
Data acquisition | Signal transmission B
System accuracy B
Signal conditioning B

NOTE The implicit assumption of the method of this standard is that the 10 min mean power yield from a tidal
turbine is fully explained by the simultaneous 10 min mean current speed measured across the performance
surface.

This is not the case. Other flow variables affect power yield and thus identical tidal turbines should yield different
power at different sites even if the current speed and water density are the same. These other variables include
turbulence fluctuations of current speed (in three directions), the inclination of the flow vector relative to horizontal
and vertical planes and the scale of turbulence, among others. Analytical tools offer little help in identification of
the impact of these variables and experimental methods encounter equally serious difficulties.
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The result is that the power curve should vary from one site to the next, but since the other influential variables are
not measured and taken into account, the variation in the power curve should appear as uncertainty. This apparent
uncertainty stems from differences in observed power yield under different bathymetric and wave conditions, i.e.
when comparing an AEP-measured in homogeneous terrain with an AEP-measured at a non-homogeneous tidal
farm site.

Quantification of this apparent uncertainty is difficult. Depending on site conditions and sea conditions, the
uncertainty may amount to several percent. In general terms, the uncertainty may be expected to increase with
increasing complexity of bathymetry and with increasing frequency of non-neutral sea conditions.
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Annex B
(informative)

Uncertainty case study

As this Technical Specification is utilized and moves towards developing into a full standard, it
is planned that a case study specific to the performance assessment of tidal energy
converters should be produced and presented in this annex. During this period, refer to
Annex E of IEC 61400-12-1:2005.
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Annex C
(informative)

Calculation of TEC annual energy production

C.1 General

This annex lays out the recommended method for calculating the TEC annual energy
production. It is not a normative element of this Technical Specification but it is considered to
be the preferred method of carrying out this calculation.

The reporting period for TEC availability should be at least one year, but in any event the
reporting period over which the value is calculated should be clearly indicated. The reporting
period should be continuous and one or more gaps in the reporting period are not permitted.

C.2 TEC annual energy production (TEC AEP)

The mean annual energy production in kWh for a tidal energy device with a defined power
curve for ebb and flood data sets should be obtained by combining each of the power curves
described in 9.3 with the tidal energy resource data for an ‘average’ year for the specific site.

The tidal resource assessment will provide a velocity distribution (or exceedance curve) as
well as a vertical velocity profile which should be used to calculate the mean current velocity,

U;, in a similar manner to formulae (1), (2) and (3), throughout the ‘average’ year.

The TEC annual energy production should be derived according to formula (C.1):

TEC AEP = Ny, - TECA - Y18 P, - f; (T)) - 1 000 (C.1)
where:
£,(0) is the proportion of time during an average year for which the mean current
velocity occupies a value within velocity bin i;
i is the index number defining the velocity bin;
Ng is the total number of velocity bins in the device power curve;
N, is the number of hours in one year (8 760);
P is the mean recorded TEC power in velocity bin i [W];

TEC AEP  is the expected annual energy production [kWh];

TECA is the TEC availability;

U; is the mean tidal current velocity in velocity bin i [m/s].

For the purpose of these calculations, the availability, TECA, is assumed to be 100 %. This

test availability should not be confused with a commercial availability which is demonstrated
through operational experience over a period of years.

C.3 Extrapolation

Extrapolation of the data during this calculation is only permitted under the following
circumstances:
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o for devices with a constant power characteristic at all current velocities above the rated
water velocity, it is permissible to use a constant value power curve at all current
velocities above the maximum measured current velocity up to the cut-out water velocity;

o for devices for which the power drops off after their rated water velocity, this trend should
be reflected in all current velocities above the maximum measured current velocity up to
the cut-out water velocity;

e under no circumstance should the power curve be increased above the maximum
measured power value;

e the behaviour of the power curve above the maximum measured current velocity should be
fully reported and substantiated. All extrapolated data should be clearly identified and
differentiated from measured data.

C.4 AEP-measured and AEP-predicted

The TEC AEP should be calculated in two ways, one designated ‘AEP-measured’ and the other
‘AEP-predicted’. If the measured power curve does not include data up to the rated water
velocity, the power curve from the maximum measured current velocity up to the rated water
velocity should be predicted based on Clause C.3.

AEP-measured should be obtained from the measured flood and ebb power curve data sets
by assuming zero power for all current velocities above and below the range of the measured
power curves.

AEP-predicted should be obtained from the measured power curves by assuming zero power
for all current velocities below the lowest current velocity in the measured power curve and a
power level determined using the extrapolation guidelines in Clause C.3 for all current
velocities between the highest measured current velocity in the measured power curve and
the cut-out water velocity.

Generally it may be expected that the TEC AEP can be estimated for another site provided that
the set of f;(U;), from formula (C.1), is known. Care should be exercised when performing this
estimation as variations in site bathymetry and flow characteristics (turbulence levels and
directional variability) can have a significant impact on TEC AEP estimates.

The uncertainties in the TEC AEP only consider those factors from the power performance test
and not the uncertainties arising from other important effects. These other factors should be
reported if allowances need to be made and/or caveats provided in the test report.

Practical AEP forecasting should account for other uncertainties and include availability of the
TEC due to environmental effects associated with storm damage and other influences.

C.5 Presentation of the TEC AEP

In instances where extrapolated data points are required for the calculation of AEP-predicted,
the table used to present the measured power curve (10.8) should be provided as part of the
presentation of the AEP with the extrapolated data points clearly identified. These points
should be designated with an “EXT” next to the bin number in the table, and the
corresponding table rows should be formatted in an alternative colour.

A table, for each bin value, should present AEP-measured, the standard uncertainty for AEP-
measured and AEP-predicted where applicable. In the event that AEP-measured is less than
95 % of the AEP-predicted, the TEC AEP table should be clearly labelled as “incomplete”.
Table C.1 provides an example format for presentation of the TEC AEP.
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Table C.1 — Example presentation of annual energy production (flood tide shown)

Nominal Bin Mean Standard Standard
Velocity Bin . AEP-measured . Uncertainty in | AEP-predicted
Number i Current Velocity [MWh] Uncertainty in AEP AEP [MWh]
[mis] [MWh] o

1 0,525 -0,39 0,08 154 -0,39

2 0,575 -0,36 0,08 15,4 -0,36

3 0,625 -0,38 0,06 14,9 -0,38

4 0,675 -0.33 0,05 146 -0,33

5 0,725 -0.33 0,05 140 -0.33

B 0,775 -0,35 0,05 13,4 -0.35

7 0,825 -0,36 0,04 116 -0.36

8 0,875 -0,39 0,05 11,8 -0,39

9 0,925 -0,06 0,01 95 -0,06

10 0,975 -0,31 0,02 6,4 -0,31

11 1,025 0,73 0,03 43 0,73
12 1,075 0,33 0,02 46 0,33
13 1,125 1.65 0,07 41 1,65
14 1,175 250 0,08 32 250
64 3,675 203,63 489 24 203,63
65 3,725 203,97 530 26 203,97
66 3,775 198 4 4,96 2,5 198 4
67 EXT 3,825 6,47 48 134 80
68 EXT 3,875 6,03 48 125 60
Total AEP-measured: 5875 Total AEP-predicted: 6136

NOTE Data shown in Table C.1 are representative values used only to demonstrate reporting requirements.

uld usym pajjonuooun ‘panwiad si uonnguUIsIp 1o uonanpoidal Jaylny ON UoSIpeN sawer AQ #T0Z-2Z-A0N U0 PapeojuMOp ‘Wo9°1831syda)suonduasgns auj ‘(d41ualos) sisinay uoswoyl Aq owsag yg 01 pasusol| eusrew pajybkdo)d



TS 62600-200 © IEC:2013 -51-

Annex D
(informative)

Wave measurement

D.1 General

If there is a wave regime at the test location that significantly influences the measurement of
the incident resource and the power output of the TEC, this regime should be measured and
reported during the test.

D.2 Procedure

If the TEC test site experiences waves which produce orbital velocities averaged over the
performance area that exceed 20 % of the rated current speed, or where the TEC should shut
down due to particular wave conditions, then the significant wave height, associated wave
period and direction should be measured and reported.

Due to the difficulties of deploying a wave buoy in a tidal race, it is recommended that
measurements be taken using the existing current profiler equipment deployed to measure the
incident resource, or a separate bottom mounted current profiler within the TEC test site.

The measurement period should be uniform across the test but not necessarily at the same
reporting period as the power curve data.

There should be a description of the measurement procedure, the device used and its
accuracy.
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