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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

Part 30: Electrical power quality requirements

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization.com
national electrotechnical committees (IEC National
ernational co-operation on all questions concerning standardization in the electrical and electronic fiel
5 end and in addition to other activities, IEC publishes International Standards, Technical Specific
chnical Reports,
blication(s)”). Their preparation is entrusted to technical committees; any IEC NationalFCommittee inte
the subject dealt with may participate in this preparatory work. Internatiopal],governmental ang
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
h the International Organization for Standardization (ISO) in accordance“with conditions determin
eement between the two organizations.

e formal decisions or agreements of IEC on technical matters expresss as-nearly as possible, an intern
hsensus of opinion on the relevant subjects since each technical\Committee has representation fr
erested IEC National Committees.

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

order to promote international uniformity, IEC Natignal Committees undertake to apply IEC Publid
nsparently to the maximum extent possible in_their national and regional publications. Any dive
ween any IEC Publication and the corresponding, hational or regional publication shall be clearly indic3
latter.

C itself does not provide any attestation«0f’conformity. Independent certification bodies provide conf
Eessment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent cettification bodies.

users should ensure that they have-the latest edition of this publication.
liability shall attach to IEC ©r its directors, employees, servants or agents including individual exper]
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee

benses arising out ofthe publication, use of, or reliance upon, this IEC Publication or any othg
blications.

ention is drawnyto, the Normative references cited in this publication. Use of the referenced publicat
ispensable forithe correct application of this publication.

ention is @drawn to the possibility that some of the elements of this IEC Publication may be the sub
ent rights."fEC shall not be held responsible for identifying any or all such patent rights.

main task of IEC technica

httanal ~AlrAatimotana~nc

co

nical
T T

mmittees is to prepare

a tae mmi

brising

Committees). The object of IEC.’is/to promote

ds. To
htions,

Publicly Available Specifications (PAS) and Guides (hereafter~referred to ag “IEC

rested

non-
losely
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htional
bm all

htional
bf IEC
r any
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gence
ted in

ormity
br any

s and

mbers of its technical committees and IEC National Committees for any personal injury, property dampge or
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r IEC

ons is

ect of
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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 TS 62600-30, which is a technical specification, has been prepared by IEC technical
committee 114: Marine energy — Wave, tidal and other water current converters.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
114/238/DTS 114/253A/RVDTS

2018

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

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

A list| of all parts of the IEC 62600 series, under the general title Marine energy — Wave,
and aqther water current converters, can be found on the IEC website.

The

committee has decided that the contents of this publication will remain unchanged

the gtability date indicated on the IEC website under "http://webstore.iec.ch™ in the
related to the specific publication. At this date, the publication will be

e tr

hnsformed into an International standard,

* regconfirmed,
e wijthdrawn,
* rgplaced by a revised edition, or

mended.

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

tidal

until
data

IMP|

und

lerstanding of its contents. Users should therefore print this document usin

colour printer.

ORTANT - The 'colour inside’' logo.on the cover page of this publication indicates
that it contains colours which  are considered to be useful for the cor

rect
g a
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INTRODUCTION

Marine energy conversion systems, as viable electric power sources for utility and community-
based applications, require close attention to the quality of the power produced. Poor power
quality has negative impacts on both the electrical power source and the load. Therefore,
guidance is needed for the manufacturer, developer and user on how to mitigate power quality
issues during the design of the device. Electrical system planners also need to identify the
requirements for grid integration of such variable and intermittent energy sources, while
maintaining high reliability and power quality standards.

and f{

In ad
forms

would contain the following key items:

e id

c
e d
e O

te
It is
deve
Asse

specification that is currently being developed under IEC TC 8 SC 8A.

idal and other water current converter-based power systems;

he associated integration needs. Therefore, this knowledge-gap needs.to-be addrsg
gh incremental, detailed and collaborative standards development.

echnical specification aims at:

entifying power quality issues and parameters (non-device-specific and non-prescri
r single/three-phase, grid-connected/off-grid (including/micro-mini grid) marine

btablishing the measurement methods, application, techniques and result-interpret
Jidelines.

dition to containing the associated definitions;.normative references, symbols and
, annexes, as well as other supporting material, the core of this technical specifig

entify characteristic parameters,define and specify the quantities require
naracterize the power quality impaets of marine energy conversion devices,

bvelop measurement procedures as pertains to marine energy devices,

itline standardized procedures for measuring the characteristic parameters, incl
st and measurement conditions, and test equipment requirements.

expected that thisitechnical specification will provide evaluation guidelines for d
opers and applied researchers.

ssment  ofy ‘power quality for utilities will be part of a separate, future tech

htive)
vave,

ation

inits,
ation

d to

iding

Bvice

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

Part 30: Electrical power quality requirements

1 Scope

2018

This

.3 0 a

—

The

farm
for a
PCC
and (
for M
devig

e r6
cl
cl

The

bart of IEC 62600 includes:

bfinition and specification of the quantities to be determined for characterizing'the ¢
Lality of a marine energy (wave, tidal and other water current) converter unit;

easurement procedures for quantifying the characteristics of a marine’ energy (\
jal and other water current) converter.

measurement procedures are valid for a single marine energy canverter (MEC) un
with three-phase grid or an off-grid connection. The measurenient procedures are
hy size of MEC unit, though this document only requires-MEC unit types intende
(Point of Common Coupling) at Medium Voltage (MV) oy High Voltage (HV) to be t
haracterized. In addition, a simplified measurement and reporting procedure is ou
EC units connected at Low Voltage (LV) networks(MV-connected and LV-conn
es are defined as:

V connected units — typically multiple three-phase MEC units operating as a m
bwer farm and delivering power through a HVyor MV network;

ybrid or micro-grid type systems supplying small-scale loads.

ment are to be recognized:

bltage fluctuations under (switching operation — the current revision only cong
bltage fluctuations under continuous operation;

source classifications — to categorize the measured flicker quantities, various res
asses are suggested only as guidelines. The user is advised to use these res
asses judiciously:

measurement® procedures are designed to be as non-site-specific as possible sdg

ower

vave,

it (or
valid
d for
psted
lined
pcted

arine

/ connected units — typically single-phase or three-phase units deployed in isolated,

idering the nascent status of thextmarine energy sector, the following limitations of this

iders

purce
purce

that

powdr quality'characteristics measured at a test site, for example, can be considered valid at

other
contr
caus

sites«also providing the same MEC unit configuration and operation modes (for exa
pl parameters). If the configuration or operation mode is changed in any way that
b\the MEC unit to behave differently with respect to power quality, the power q

mple
might
Liality

measurement procedures must be repeated.

This document is for testing of wave, tidal and other water current energy converter units,
though it contains information that may also be useful for testing of MEC farms. The cases
described are not intended for Ocean Thermal Energy Conversion (OTEC) systems.

NOTE

This document uses the following terms for system voltage:

— low voltage (LV) refers to U, <=1 kV;

— medium voltage (MV) refers to 1 kV < U, <= 35 kV;

— high voltage (HV) refers to U, > 35 kV.
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2 Normative references

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

IEC TR 61000-3-6:2008, Electromagnetic compatibility (EMC) — Part 3-6: Limits — Assessment
of emission limits for the connection of distorting installations to MV, HV and EHV power
systems

IEC TR 61000-3-7:2008, Electromagnetic compatibility (EMC) — Part 3-7: Limits — Assésgment
of emission limits for the connection of fluctuating installations to MV, HV and EHV gower
systgms

IEC 61000-4-7:2002, Electromagnetic compatibility (EMC) — Part 457 Testing| and
meagurement techniques — General guide on harmonics and interharmohics measurements
and instrumentation, for power supply systems and equipment connected thereto
IEC §1000-4-7:2002/AMD1:2008

IEC §1000-4-15:2010, Electromagnetic compatibility (EMC)( - Part 4-15: Testing| and
meagurement techniques — Flickermeter — Functional and design specifications

IEC §1400-21, Wind turbines — Part 21: Measurement and assessment of power quality
chardgcteristics of grid connected wind turbines

IEC §1800-3:2017, Adjustable speed electrical> power drive systems - Part 3: [EMC
requirements and specific test methods

IEC §1869-1:2007, Instrument transformeérs — Part 1. General requirements

IEC §1869-2:2012, Instrument transformers — Part 2: Additional requirements for cyrrent
transformers

IEC §1869-3:2011, Instrument transformers — Part 3: Additional requirements for indyctive
voltage transformers

IEC §2008:2005, (Performance characteristics and calibration methods for digital | data
acquisition systems and relevant software

IEC TS 62600-100:2012, Marine energy — Wave, tidal and other water current converters —
Part |1 00 \Electricity producing wave energy converters — Power performance assessmen

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

IEC TS 62600-201:2015, Marine energy — Wave, tidal and other water current converters —
Part 201: Tidal energy resource assessment and characterization

3 Terms and definitions
For purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:
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e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

flicker
impression of unsteadiness of visual sensation induced by a light stimulus whose luminance
or spectral distribution fluctuates with time

Note 1

2018

to entry: Flicker is caused by rapid, regular changes to the voltage level of the electrical supply caused by
devices connected to the electrical system. The voltage variations are caused by fluctuating power consumed or
generated by a load or particularly renewable generator, more severely for reactive power fluctuations.

[sou

3.2

netwprk impedance phase angle
phasg angle of network short-circuit impedance:

wherge

Xy |is the network short-circuit reactance;

Ry |is the network short-circuit resistance.

3.3

point of common coupling

PCC

point|in an electric power system, electrically’nearest to a particular load, at which other

are, ¢r may be, connected

Note 1

[sou

replaced by "electric power_system"; in note 1 to entry, "customer" has been replacq

"user

3.4
total
ratio
comg

[SOU

RCE: IEC 60050-161:1990,161-08-13, modified — The note to entry has been added

Yy =arctan(Xy / Ry)

to entry: These loads can be either dévices, equipment or systems, or distinct network users’ installg

RCE: IEC 60050-161:1990,461-07-15, modified — " Power supply network" has

"and note 2 to entry has’been deleted]

harmonic distortion
of the RMS\walue of the harmonic content to the RMS value of the fundam
onent or_the-reference fundamental component of an alternating quantity

RCE: JEC 60050-551:1998,551-20-13, modified — Notes to entry have been deleted

h

oads

tions.

been
d by

ental

4 Symbols and units

a

B

o

is the electrical angle at ¢t =0

exponent with a numerical value to be selected to determine /5

am (1) electrical angle of the fundamental component of the measured voltage (°)

network impedance phase angle (°)
fractional change in voltage
flicker coefficient for continuous operation

flicker coefficient of an individual marine energy converter
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(i )(t)
d

Epti
Epsti

fg
S0

time-series data of flicker coefficient (synthesized)

relative voltage change (%)

long-term flicker emission limits for the PCC under consideration
short-term flicker emission limits for the PCC under consideration

supply/grid frequency (Hz)

time-varying frequency

device flicker characteristics (grnphir‘al, tabularllook Up-or best.fit fnrmulg)

significant wave height (m)

subgrouped RMS current harmonic of harmonic order h

hth order harmonic current distortion at the PCC

hth order harmonic current distortion of the ith converter
measured instantaneous current (A)

rated phase current (A)

inductance of fictitious grid (H)

ratio of the transformer at the i th converter

number of marine energy converters connécted to the PCC

600 s average value of maximum measured active power of the marine e
converter

60 s average value of maximum measured active power of the marine e
converter

0,2 s average value of<maximum measured active power of the marine e
converter

long-term flicker disturbance factor

long-term flicker emission from the sum of marine energy converters
rated active) power of marine energy converter (W)

shortsterm flicker disturbance factor
flicker emission from the marine energy converter unit on the fictitious grid

flicker disturbance factor of an individual marine energy converter

nergy

nergy

nergy

time-series data of flicker disturbance factor (synthesized)
short-term flicker emission from the sum of marine energy converters

reactive power

maximum reactive power

minimum reactive power

resistance of fictitious grid (Q)

network short-circuit resistance (Q)

short-circuit apparent power of the grid under specified conditions (VA)

short-circuit apparent power of the fictitious grid (VA)
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Sy rated apparent power of the marine energy converter (VA)

Sy rated apparent power of the individual marine energy converter unit of a farm (VA)
T_e energy period (s)

ug(t) instantaneous phase-to-neutral voltage of an ideal voltage source (V)

usic () instantaneous phase-to-neutral voltage simulated at fictitious grid (V)

um (1) measured instantaneous voltage (V)

Uy, nominal phase-to-phase voltage (V)

Vta average tidal speed (m/s)

Vwa average water current velocity (m/s)

Vmeclz)  time varying marine resource (typically synthesized or measured) fora given si

VvEd marine resource (wave, tidal or water current)

Xk

Xfic

network short-circuit reactance (Q)

reactance of fictitious grid (Q)

5 Abbreviated terms

fte

HV high voltage (> 35 kV)

LV low voltage (< 1 kV)

MV medium voltage (> 1 kV and < 35 kV)

PCC point of common coupling

RMS root mean square

MEC marine energy converter

SCR short circuit ratio

VD voltage drop

6 Marine energy converter power quality characteristic parameters
6.1 | Overview

Clauge 6 gives<{the quantities that shall be stated for characterizing the power quality| of a

MEC| unit,_ine< MEC unit specifications (6.2), voltage fluctuations (6.3), harmonics

volta

Annex A

6.4),

je drop response (6.5), and power control (6.6 to 6.7). A sample report format is given in

Generator sign convention shall be used, i.e. the positive direction of the power flow is
defined to be from the MEC unit to the grid. If the MEC unit is replaced with a resistor and an
inductor, both active and reactive power will be negative.

6.2

Marine energy converter specification

The rated data of the MEC unit (referred to the MEC unit terminals) shall be specified,
including P, S;, and U,.

NOTE The rated data are used only for normalizing purposes in this document.
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6.3
6.3.1

Voltage fluctuations (continuous operations)

General

The voltage fluctuations caused by the MEC unit shall be characterised as described in 6.3.2
and 6.3.3 for continuous operations, (i.e. no switching voltage fluctuations) for MV and LV
connected systems respectively.

6.3.2

Continuous operation: MV connected systems

The MEC unit flicker coefficient for continuous operation, c(i¢), shall be stated as the gs5th

perc

ntite T for the network Impedance phase andles y, = sU", oU", /U and oo 1IN 4

able,

prefefrably for three different resource levels. The flicker coefficient for continuous_opefation

refer
MEC

wher
Fyt fic
Sr

Sk fic

NOTE
(2 h).

Thes
locat
curre

currej

unit:

Sk fic

() = Fst fic *

r

w

is the flicker emission from the MEC unit on the fictitiotis grid;

is the rated apparent power of the MEC unit;

is the short-circuit apparent power of the fictitious grid.

The flicker coefficient for continuous operation is thersame for a short-term (10 min) and long-term

e resource levels should represent low,”medium and high resource levels at the sp
on. Sample low, medium and highrresource levels are given for wave, tidal and

5 to the normalised measure of the flicker emission during continuous operation gf the

period

ecific
iater

nt converters in Table 1. These values are indicative only as it is acknowledged that the
resoyrces can vary from locationxfo location. The following guidelines apply. For tida

and

nt devices, the three resource ranges should be between the cut-in and cut-ouf flow

velogities. For wave energy_devices, it should be ensured that the three sea states chosen

refled

Meag
for tH
allow
repor

t the full operating range’of the wave energy device.

ured flicker coefficients should be reported (in tabular, graphical and/or formula fo
e whole range\of the MEC unit’s operation, i.e. the high resource level selected s
specified rated active power output of the MEC unit. Annex A contains a template ¢
t.

rmat)
hould
f the

1 A flicker coefficient value below which 95 % of the observed values fall.
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Table 1 — Marine energy — resource classification

Converter Wave? Tidal 3 Water current
Definition Scatter table/chart of the annual |Annual average tidal speed Flow speed information
occurrence of the significant (10 min average, v,,) presented in duration curves,
wave height H_,, energy period experienced at the rotor whether where 90 % probability that the
T 1o ducted/un-ducted, or uni/bi- flow velocity (annual data with
- directional 10 min average, v, ) would
exceed a given threshold
Low Vig S 1,00 m/s Va S 1,00 m/s
Medium 1,00 m/s <v, . <1,75 m/s 1,00 m/s <v,_<1,75 m/s
High 1,25 m/s < Via 1,75 m/s < Via

The ¢haracteristics shall be stated for the MEC unit operating with reactive power as cloge as
possible to zero, i.e. if applicable, the reactive set-point control shall be set’to 0 = 0. If any
othen operational mode is used, this shall be clearly stated.

6.3.3 Continuous operation: LV connected system

The MEC unit short term flicker disturbance factor for continuous operation, Py, shall be

stated as the 95th percentile for the measured conditioh in a table, preferably for fhree
different resource levels, as before. Also measured Alicker disturbance factor should be
repointed (in tabular, graphical and/or formula format)“for the whole range of MEC unit's
operation. Annex A contains a template of the report.

6.4 | Current harmonics, interharmonics and-higher frequency components

The e¢mission of current harmonics, interharmonics and higher frequency components during
contipuous operation shall be measured-and recorded. This document considers steady{state
harmpnic emissions only, i.e. fault free\operation.

The |values of the individual current components (harmonics, interharmonics and hliegher
frequency components) and.-the total harmonic current distortion shall be given in tables in
percgntage of I, and for operation of the MEC unit within the active power bins 0 %, 10 %,

20 %}.., 100 % of P.. 0 %35 %, 15 %, ..., 95 % are the bin midpoints.

The |ndividual harmonic current components shall be specified as subgrouped values for
frequencies up~to:'50 times the fundamental grid frequency, and the total harmonic cyrrent
distortion shall\be stated as derived from these.

The |interharmonic current components shall be specified as subgrouped values for
frequlencies up to 2 kHz in accordance to Annex A of IEC 61000-4-7:2002/AMD1:2008.

The higher frequency current components shall be specified as subgrouped values for
frequencies between 2 kHz and 9 kHz in accordance to Annex B of
IEC 61000-4-7:2002/AMD1:2008.

The current harmonics, interharmonics and higher frequency components shall be stated for
the MEC unit operating with reactive power as close as possible to zero, i.e. if applicable the

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

3 IEC TS 62600-201:2015, Marine energy — Wave, tidal and other water current converters — Part 201: Tidal
energy resource assessment and characterization
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reactive set-point control shall be set to Q0 = 0. If another operational mode is used, this shall
be clearly stated.

6.5 Response to voltage drops

The response of the MEC unit to the voltage drops specified in Table 2 shall be stated for the
MEC unit operating between 0,1 P, and P,. The stated response shall include results from 2

consecutive tests of each case (VD1-VD6) by time series of active power, reactive power,
active current, reactive current and voltage at the MEC unit for the time shortly prior to the
voltage drop and until the effect of the voltage drop has abated. The MEC operational mode
shall be specified.

The test is for verifying the MEC unit response to voltage drops (due to grid faulis] and
proviling a basis for the MEC numerical simulation model validation. Optional)‘testy and
meagurements (for example pitch angle and rotational speed tests in the case of tidal turpines,
or tests using different damping coefficients in the case of wave energy converters) may be
carrigd out and reported for more detailed assessment of simulation models’and compl|ance
with $pecific grid code requirements.

Table 2 — Specification of per unit voltage drops (the specified magnitudes,
duration and shape are for the voltage drop occurring as if the MEC under
test is not connected, i.e. without contribution from the installation)

Case Magnitude of voltage | Magnifude of positive | Duration s Shape
phase to phase (as a sequence voltage
fraction of voltage (as a fraction of
immediately before voltage immediately
the drop occurs) before the drop
occurs)
VD1  symmetrical three-phase 0,90 + 0,05 0,90 + 0,05 0,5+0,02 | I
voltage drop
VD2 { symmetrical three-phase 0,50 + 0,05 0,50 + 0,05 0,5+0,02 |7 I
voltage drop
VD3 1 symmetrical three-phase 0,20.£.0,05 0,20 + 0,05 0,2+0,02 | [
voltage drop
VD4 + two-phase voltage drop 0,90 + 0,05 0,95 + 0,05 0,5+0,02 | [
VD5 ¢ two-phase voltage drop 0,50 + 0,05 0,75 + 0,05 0,5+0,02 | I~
VD6 + two-phase voltage drop 0,20 + 0,05 0,60 + 0,05 0,2+0,02 | [

A voltage drop«may cause a MEC unit to cut-out for many reasons, not only related tp the
electrical drive’ train but also due to mechanical vibrations or ancillary system low vqltage
capabilities It is therefore necessary to do the test on the complete MEC unit where pogsible
rather than relying on drive train testing only.

NOTE The purpose of VD1 and VD4 is for testing of MEC units that have no capabilities to ride through any deep
voltage drops, and the tests are generally relevant as basis for validation of numerical simulation models.

The measurements in 6.5 relate to characterizing a MEC unit’s response to a voltage drop
caused by a grid fault. Grid operators can have different requirements for low voltage ride
through (LVRT). While these measurements go somewhat to characterizing an installation’s
LVRT capability they may not meet grid operators grid code compliance requirements. It is
advised that consultation is undertaken with the relevant grid operator to ensure this test is to
their requirements.
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Active power

Maximum measured power

The maximum measured active power of the MEC unit shall be specified as a 600 s average
value, Pgog, @ 60 s average value, Pgy and as a 0,2 s average value, Py,. For each

measurement, the input resource conditions shall be stated.

6.6.2 Ramp rate limitation
If available, the ability of the MEC unit to operate in ramp rate limitation control mode shall be
characterised by test—results—presented—n—a y|aph. The Hlaph strat—show—avaitable and
meadured active power output during a ramping operation. The ramp rate value achievaljle by
the MEC shall be presented as a percentage of rated power per minute for a test period|of at
least|10 min.
The test results shall be reported as 0,2 s average data.
6.6.3 Set-point control
If available, the ability of the MEC to operate in active power set-point control mode shall be
characterized by test results presented in a graph. The(graph shall show avallable
(extrapolated from resource conditions) and measured active.power output during operation at
set ppint values being adjusted from 100 % down to 20 % of\rated power in steps of 20 % with
2 mirn| operation at each set-point value, i.e. according te Figure 1.
The test results shall be reported as 0,2 s average.data.
NOTE| The ability of a MEC to participate in an automatic frequency control scheme is closely linked to its|ability
to operate in active power set-point control mode. Participation in automatic frequency control can for instapce be
achieved through the SCADA system of a MEC farm\that may continuously update the active power set-point|of the
indiviqual MEC to achieve a requested frequency.fesponse.
A
Qﬂc
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€
5 100
&
©
(%))
80
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40
20
0 T #
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Time (min)
IEC

Figure 1 — Adjustment of active power set-point
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6.7 Reactive power
6.7.1 Reactive power capability

The capability of the MEC unit concerning the maximum inductive reactive power and the
maximum capacitive reactive power of the MEC shall be specified in a table as 1 min average
values as a function of the 1 min average output active power for 0 %, 10 %, .... 90 %, 100 %
of the rated power.

6.7.2 Set-point control

Where_available the reactive power set-point control shall he described hy a table gnd a
graph as follows.

The fable shall show measured reactive power at reactive set point value = 0 for-operation at
0 %,[10 %, 20 %, ... 100 % active power output. The active and reactive powenshall be | min
avergge values.

The graph shall show measured reactive power during a step change.of the reactive gower
set-ppint as specified in Figure 2. The step change shall be between O, and —0,,.x Where

Omaxl @and —0,,5x are the reactive power capability of the MEC at the active power output as

shown according to 6.7.1. The active power output, measured as’1 min average values,|shall
be agproximately 50 % of rated power. The reactive power shall be 0,2 s average data.

Q

max

Set-point (Q)
o

|
1
3
o
x

»
>

1 2 3 4 5 6
Time (min)
IEC

<4——o

Figure 2 — Adjustment of reactive power set-point

NOTE The ability of a MEC unit to participate in an automatic voltage control scheme is closely linked to its ability
to operate in reactive power set-point control mode. Participation in automatic voltage control can, for instance, be
achieved through the SCADA system of the MEC farm that may continuously update the reactive power set-point of
the individual MECs to achieve a requested voltage response.

7 Test procedures

71 General
7.1.1 Overview

Subclause 7.1 gives general information about the validity of the measurements, required test
conditions and equipment.
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The measurement procedures are valid for single MEC units with a three-phase grid
connection. Similar procedure can be used for single-phase devices at the testers’ discretion.

The measurements aim in general to verify the characteristic power quality parameters for the
full operational range of the assessed MEC unit. Measurements are however not required for
wave heights/periods, tidal velocities and water current velocities for the ranges given in
Table 3, or alternatively conditions which occur less than 5 % of total time annually, i.e. rare
occurrences. This is because requiring measurements at higher wave heights or tidal/river
flow velocities would normally give a significantly longer measurement period due to the rare
appearance of these conditions. If these conditions are not known, Table 3 can be used as a

reference.
Table 3 — Measurement ranges to be excluded
MEC Resource condition
Wave Measurements are not required for sites if high energy seastate occurs fer/less than 5 % of
the time.
Tidal Vi, <1 m/sand v, >3,5m/s
Watgr current Vya <1 m/sandv, >3 m/s

7.1.2 Test validity

The measured characteristics are valid for the specific. configuration of the assessed [MEC
type pnly. Other configurations, including altered contrel parameters, that cause the MEQ unit
to behave differently with respect to power quality, require separate assessment. [Such
assegsment can be made by simulation, where\sufficient validation of simulation toolg has

been|undertaken and presented.

In the situation that the MEC unit termipals are not easily accessible, the PCC shall be [used
as the measurement point. This should“be clearly stated in the test report (Annex A), with full
details of subsea cables as necessary. In addition, the specific configuration of the assgssed

MEC|unit, including relevant control"parameter settings, should also be specified.

7.1.3 Test conditions

The following test conditions are required, and shall be measured and reported as part ¢f the
test procedure. Any test data measured during periods not complying with the given test

cond|tions shall bé.excluded.

the total iarmonic distortion (THD) of the voltage including all harmonics up to the order of
50 shall=be less than a percentage, defined by the local system operator’s codq and
sfandards measured as 10 min average data at the MEC terminals, or the PCC as
appropriate while the MEC unit is not generating. Where no such codes or standards|exist
a value of 5 % shall be used. The total harmonic distortion of the voltage may be
determined by measurement prior to testing the MEC unit;

the grid frequency measured as 0,2 s average data shall be within a percentage of the
nominal frequency, defined by the local system operator’s code and standards. Where no
such codes or standards exist a value of + 1 % shall be used. The rate of change of the
grid frequency measured as 0,2 s average data shall be less than that defined by the local
system operator’s code and standards. Where no such codes or standards exist, a value
of 0,2 % of the nominal frequency per 0,2 s shall be applied. If the grid frequency is known
to be very stable and well within the above requirements, which would commonly be the
case in a large interconnected power system, this need not be assessed any further.
Otherwise, the grid frequency shall be measured during the test;

the voltage level shall be within a percentage of its nominal value, defined by the local
system operator’s code and standards, measured as 10 min average data at the MEC unit
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terminals, or the PCC, as appropriate. Where no such codes or standards exist, a value of
+ 10 % shall be used;

the voltage unbalance factor shall be less than a value, defined by the local system
operator’s code and standards, measured as 10 min data at the MEC unit terminals, or
PCC as appropriate. Where no such codes or standards exist, a value of 2 % shall be
used. The voltage unbalance factor may be determined as described in IEC 61800-3:2017,
Clause B.5. If the voltage unbalance factor is known to be well within the above
requirement, it need not be assessed any further. Otherwise, the voltage unbalance factor
shall be measured during the test;

the environmental condltlons shall comply W|th the manufacturers requwements for the

o] the enwronmental condltlons though |t is required that these are descrlbed in @eneral
tgrms as part of the measurement report;

Testg may be prepared at any turbulence intensity (for tidal and water current) ‘and af any

sho
and

rttcircuit ratio, but conditions (average turbulence intensity, short-circuit_apparent gower
hetwork impedance angle) shall be stated as part of the test repgort/certificate| The

turbulence intensity shall be stated based on sector-wise identification of obstacles and

sea

bed variations or based on tidal velocity measurements.

The ppecified conditions are required to achieve reliable test results, and should not be

interpreted as conditions for reliable grid connection and operation of MEC units.

7.1
7.1

4 Test equipment

4{1 General

The description of the measurements assumes application of a digital data acquisition system
with elements as illustrated in Figure 3 and. Figure 4 for MV and LV connected sygtems

respectively.

O

Transmission
network

O
QLV @uﬁv MV} @/I O

Signal conditioning

Low-pass filter
Analog-to-digital
Data logging calculation and storage

IEC

Figure 3 — Assumed elements of measurement system
(MV-connected marine energy converter unit)
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Figure 4 — Assumed elements of measurement system
(LV-connected marine energy converter)

Table 4 — General specification of requirements for measurement equipment

Equipment Required accuracy Compliance with standargd
Voltage transformers Class 1,0 IEC 61869-1, IEC 61869-3
Currept transformers Class 1,0 IEC 61869-1, IEC 61869-2
Filter - A/D converter + data 1 % of fullscale IEC 62008
acquigition system
7.1.4(2 Wave energy converters
The description of the méasurements assumes application of a digital data acquisition system
with ¢lements as illustrated in Figure 5.

The \
or ot
are

conn
digitd

vave resource measurement device (flow meter, acoustic Doppler current profiler (A
ners), voltage transducers (transformers) and current transducers (transformers or ¢
he required sensors of the measurement system. The signal conditioning i
bctingthese to the low-pass filter which is required for anti-aliasing. The analog
l\eonversion (A/D) shall be of at least 12-bit resolution, i.e. to maintain the req

DCP)
ther)
5 for
e to
uired

meas
Figur

e 5, the power take-off point is as defined in IEC TS 62600-100.
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Figure 5 — Assumed elements of wave energy converter power
quality measurement system

Table 5 — Specification of requirements for wave measurement equipment

Equipment Required.accuracy Compliance with standar

i

Wavsg

measurement buoy / ADCP IEC TS 62600<101 (as a guidance) IEC TS 62600-101 (as a guidan

ce)

The dligital data acquisition system is, assumed to log, calculate and store results as spe

in th
react
rate

harm
per c

The t

Ideal
Alter
corre

b subsequent clauses. General guidance for calculation of RMS voltage, active
ve power in a system as:outlined in Figure 5 is given in Annex C. This requires a s4g
bf at least 2 kHz per channel of the voltage and current signals. For measuremg
pnics (higher frequency components), the minimum sample rate shall be at least 2
hannel.

dal flow velogity signal shall be sampled with at least 1 Hz resolution.

y, the.lwave measurement will be taken as close as possible to the MEC
natively, wave resource measurements can be estimated from local measurement or
cted -accelerometer measurements possibly in conjunction with power measuren

and K

cified
and
mple
nt of
kHz

unit.
from
hents

nowledge of the MEC unit response

7.1.4

3 Tidal energy converters

The description of the measurements assumes application of a digital data acquisition system
with elements as illustrated in Figure 6.

The tidal flow velocity measurement (e.g. ADCP, Acoustic Doppler velocimetry (ADV),
propeller flow meters, etc.), voltage transducers (transformers) and current transducers
(transformers) are the required sensors of the measurement system. The signal conditioning
is for connecting these to the low-pass filter that are required for anti-aliasing. The analogue
to digital conversion (A/D) shall be of at least 12-bit resolution, i.e. to maintain the required
measurement accuracy. See Table 4 and Table 6 for specification of equipment accuracy.
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In the situation where it is planned to measure the tidal flow velocity using alternative means
than those recommended above (namely, the ADCP, Acoustic Doppler velocimetry (ADV),
propeller flow meters, etc.), full details of the methodology should be provided in the test
report, including an indication of accuracy.

—

Senso

Log data,
calculate
and store
results

%

Flow direction

>

Tidal flow velocity
heasurement (e.g. ADCP)

—_—

’ Low-pass filter ‘

j

Tidal Signal conditionifng

energy
converter

O~

I distances are not to scale.

Figure 6 — Assumed elements of tidal energy converter unit power
quality measurement system

Thable 6 — Specification of requirements for tidal velocity measurement equipment
Equipment Required accuracy Compliance with standard
Tidal|velocity measurement (e.g. ADCP)*| 1 % of the measured velocity |IEC TS 62600-201 (as a guidance

The digital data acquisition system is assumed to log, calculate and store results as spe
b subsequent (lauses. General guidance for calculation of RMS voltage, active
ve power in a system as outlined in Figure 5 is given in Annex C. This requires a s4g
bf at least)2'kHz per channel of the voltage and current signals. For measuremg
pnics (higher frequency components), the minimum sample rate shall be at least 2

in th
react
rate

harm
per c

In th

hannel:

p_situation where it is planned to measure the voltage and current using altern

cified
and
mple
nt of
kHz

ative

means than those recommended in Table 4 (ensuring that sampling requirements are met),
full details of the methodology should be provided in the test report, including an indication of
accuracy.

Ideally, the tidal flow velocity measurement will be taken as close as possible to the MEC unit
and in line with the direction of tidal flow. Alternatively, tidal energy flow velocities can be
estimated from local measurement or from corrected turbine measurements possibly in
conjunction with power measurements and knowledge of the MEC unit power curve.
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7.2 Voltage fluctuations (continuous operation)
7.21 MV connected marine energy converters

The MV network will normally have other fluctuating loads that may cause significant voltage
fluctuations at the MEC unit terminals, or the PCC, where the test measurements are taken.
Moreover, the voltage fluctuations caused by the MEC unit will depend on the characteristics
of the grid. The aim is, however, to achieve test results which are independent of the grid
conditions at the test site. To accomplish this, this document defines a method that uses
current and voltage time series measured at the MEC unit terminals, or the PCC as
appropriate, to simulate the voltage fluctuations on a fictitious grid with no source of voltage
fluctuations other than the MEC unit (see NOTE).

The application of the fictitious grid is further described below. The measurement procedures
for vgltage fluctuations are described only for continuous operation.

NOTE| Although the specified method to simulate the voltage fluctuations on a fictitious @rid avoids the|direct
influerjce of the real voltage fluctuations of the grid at the measurement point of flicker, there“can be an influence
of thege voltage fluctuations, caused by other sources, on the measured current from the\marine energy conjperter.
This i turn can influence the simulated voltage fluctuations on the fictitious grid. However, this effect is relptively
small and does not justify changing the procedure for determining the flicker coefficient

7.2.2 Fictitious grid

The phase diagram of the fictitious grid is shown in Figure 7,

Rfic Lfic

_|:|_/’Y’W\—

+ +

uo (1) <> usic (2) <D im (7)

IEC

Figure 7 « Fictitious grid for simulation of fictitious voltage

The ffictitious grid \is) represented by an ideal phase-to-neutral voltage source with the
instaptaneous value uy(7) and a grid equivalent impedance given as a resistance Ry, in geries
with pn indugtance Lg.. The MEC unit is represented by the current generator source| i, (¢)
which is the-mieasured instantaneous value of the line current. In some studies, an impedance
in pgrallel with the current source can be assumed. This simple model gives a simdylated
voltage with the instantaneous value uy(¢) according to formula (1):

i (2)
dt

ufic () = uo(t) + Riic X im () + Lgic %

(1)

The ideal voltage source ug(f) can be generated in different ways. But two properties of the
ideal voltage should be fulfilled:

a) the ideal voltage should be without any fluctuations, i.e. the flicker on the voltage should
be zero;

b) ug(¢) shall have the same electrical angle ¢(f) as the fundamental of the measured
voltage. This ensures the phase angle between u;(¢) and i,(¢) is correct, provided that
lufic (1) — uo (1)) <<|uo(t)| - To fulfil these properties, u(r) is defined as:
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ug(t) = \/g x Uy, x sin(amy (1)) (2)

where U, is the RMS value of the nominal voltage of the grid.

The electrical angle of the fundamental of the measured voltage may be described by
formulas (3) to (12).

t
am () = 2nxJ'f(t)dt+ao (3)
0
wherg
ft) [|is the frequency (that may vary over time);
t is the time since the start of the time-series;

is the electrical angle at ¢ = 0.

Rsic dnd Ly, shall be selected to obtain the appropriate network impedance phase angle i
applying formula (4) below:

wherafg is the nominal grid frequency (50 Hz-or 60 Hz).

The three-phase short-circuit apparent<power of the fictitious grid is given by formula (5)
below:

Un

2 2
Rfic + Xfic

(%)

Sk fic =

A prpper short-circuit ratio Sy /S, shall be used to ensure that the applied flicker
mete[ algorithgm.or instrument gives Pg; values that are well within the measurement fange

required 787(in IEC 61000-4-15. A class F1 flicker meter for low measurement uncertajnties
shall| be~used. Due to the magnitude of the Pg values involved in the flicker

chargcterization of the wind turbines, the flicker meter shall specify the working fange
in thex performance fnei‘ing (rnr\fangnlslr \/nli‘agn Phnngne and performance 'rn'-ting,

Table 5 of IEC 61000-4-15:2010) as the lowest and highest k-value for which the
corresponding value Py | is within £ 5 % (disregarding the + 0,05 p.u. tolerance). IEC 61400-

21 suggests using the measurement range 0,05 < k < 5,0, though it is the responsibility of
the assessor to select the appropriate short-circuit ratio Sy /S, for the available

measurement range. It shall be taken into account that, on the one hand, larger voltage
fluctuations can be obtained by decreasing the short-circuit ratio. On the other hand, if the
short-circuit ratio becomes too small, the mean RMS value of ug(¢) will deviate significantly

from the RMS value of uy(#), which will influence the relative voltage changes because the

absolute voltage changes are normalised with a different mean value. To obtain simulated
voltage fluctuations within the flicker meter range, a short-circuit ratio Sy /S, between 20

and 50 is recommended.
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7.2.3 Continuous operation — MV connected marine energy converters

The flicker coefficient ¢(yy) shall be determined so it can be stated according to 6.3.2. This
shall be done by measurement and simulation.

Subclause 7.2.3 gives the detailed procedure, whereas an informative outline is provided in
Clause B.1.

The following measurements shall be performed (see also Note in 7.2.1):

a) the three instantaneous line currents and the three instantaneous phase-to-neutral
vpltages shall be measured at the MEC unit terminals, or the PCC as appropriate.

b) measurements shall be taken so that at least fifteen 10 min time-series of instantarleous
vpltage and current measurements (five tests and three phases) are collected.for respurce
variations as outlined in 6.3;

c) the resource conditions shall be measured according to relevant IEC.62600 standfards;
sitching operations (start-up or switching among generators) are (excluded except for
cpnditions such as switching of capacitors that occur during continuous operation qf the
MEC unit.

The yoltage flicker during the test shall be reported. The voltage,flicker shall be measured at
the MEC unit’'s terminals, or PCC as appropriate, according to IEC 61000-4-15.| The
meagqurements shall be taken with a measurement set-up as_specified in Figure 3 or Figure 4,
and by applying voltage and current transformers and,resource measurement devices| with
specifications according to Table 4 to Table 6. The~cut-off frequency of the voltaggd and
current measurements shall be at least 400 Hz.

The measurements shall be treated to determine the flicker coefficient of the MEC unit|as a
functlon of the network impedance phase angte and recorded resource variation conditions.
This |shall be done repeating the following” procedure for each of the network impedance
phase angles.

First,| the flicker coefficient for each-set of 10 min measured voltage and current time-geries
shall[be determined. The procedure for this is given in steps 1) to 3) below:

1) the measured time-series-shall be combined with formula (1) to give voltage time-ser{es of
u iC(t);

2) the voltage time=series of u;.(f) shall be input to the flicker algorithm in compliancg with

EC 61000-4:15.-to give one flicker emission value Ffc on the fictitious grid for |each

—_

D min time<series;
3) the flicker coefficient shall be determined for each of the calculated flicker emission values

by applying formula (6):
Sy, fic
(i) = Paysc x K (6)
r
where
S, is the rated apparent power of the MEC unit;

Sy.fic is the short-circuit apparent power of the fictitious grid.

These assessed quantities (resource conditions, flicker coefficients, etc.) are to be presented
using a template similar to the one in Annex A.

The flicker algorithm described in IEC 61000-4-15 generates the RMS value of ufijc(¢), and

then cuts off variations faster than 35 Hz. Still a minimum cut-off frequency of 400 Hz,
corresponding to a minimum sampling frequency of 800 Hz, is required for flicker
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measurements of continuous operation in this document. Test calculations have shown that
this sampling frequency is necessary to obtain consistent results. A lower sampling frequency
will reduce the accuracy of the electrical angle of the fundamental of the measured voltage

am ().
7.2.4 Continuous operation — LV connected marine energy converters

For LV connected MEC units, a simplified measurement and direct reporting procedure is
suggested. The following measurements shall be performed:

e single or three-phase instantaneous line currents and instantaneous phase-to-neutral

e measurements shall be taken so that at least fifteen 10 min time-series of instantarjeous
vpltage and current measurements are collected for resource variations between)cuttin to
rgted conditions;

e the resource conditions shall be measured according to relevant IEC 62600 standards;

e switching operations (start-up or switching among generators) are excluded except|such
a$ switching of capacitors that occur during continuous operation of the MEC unit.

Each| set of measured instantaneous voltage time series u,,(¢) is\then used as input tp the
voltage flicker algorithm described in IEC 61000-4-15 to generate the flicker disturbjance
factof Pg. The 95t percentile P, of the disturbance factor is'then reported in tabular format.

In addition, the measured flicker disturbance factor is reported (in tabular, graphical and/or
formyla format) for the whole range of the MEC unit’s operation.

7.3 | Current harmonics, interharmonics and higher frequency components

The emission of current harmonics, interharmonics and higher frequency components|from
the MEC unit during continuous operation shall be measured so that these can be measured
and recorded in accordance with 6.4.

The nesults shall be based on obsgervation times of 10 min for each active power bin, (i.¢. the
bin midpoints 5 %, 15 %, 25 %,™.., 95 % of P, as stated in 6.4). Background harmonic
distortion from the grid shall be’measured and recorded at the PCC. It is desirable that the
harmpnic emissions from the MEC unit are measured with minimum distortion from the|grid.
The measurement procedure shall be suitable for MEC units, i.e. where the magnitude ¢f the
current harmonics produced can be expected to change rapidly, i.e. within seconds.

At least nine 10 min-time-series of instantaneous current measurements (three tests and fthree
phasges) shall be-collected for each 10 % power bin.

The measurements and grouping of the spectral components shall be performed according to
IEC 61000-4-7. The choice of grouping method is made reflecting that measurements are

mad on—a flhietiiatina cniren Tha ananirany alace | A Aafinad 1n IEC 810004 7 ohf” be
E—o—a—Huetuathig—S Fee—HEe—acEuat —aS>—aeHea— e oo Trvouv—a——517c

y—etass
applied.

The 10-cycle window for 50 Hz and 12-cycle window for 60 Hz systems is recommended. The
window size shall be stated in the test report (see Annex A).

Harmonic currents below 0,1 % of /. for any of the harmonic orders need not be reported.

The DFT (Discrete Fourier Transform) is applied to each of measured currents with
rectangular weighting, i.e. no special weighting function (Hanning, Hamming, etc.) shall be
applied to measured time-series. The active power shall be evaluated over the same time
window as the harmonics.
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The harmonic current components for frequencies up to 50 times the fundamental grid
frequency shall be subgrouped as given in 5.6 of IEC 61000-4-7:2002/AMD1:2008.

The total harmonic current distortion (THC) shall be calculated according to formula (7):

50
DIk
THC=21"=2__ . 100

Iy

(7)

=
>
[}
=
M

I, is{the subgrouped RMS current harmonic of harmonic order #;

is| the rated current of the MEC unit.

The nterharmonic current components below 2 kHz shall be subgrouped in‘accordancg with
Annex A of IEC 61000-4-7:2002/AMD1:2008 (formulas (A.3) and (A.4) for-50 Hz and 60 Hz
systgms respectively).

The higher frequency components, i.e. the 2 kHz to 9 kHz current components, shdll be
meadqured and grouped according to Annex B of IEC 61000-4-7:2002/AMD1:2008, (fofmula
(B.1)). The output of raw DFT shall be grouped in bands of 200.Hz.

The 10 min averages of each frequency band (i.e. each{subgrouped harmonic, interharmonic
and higher frequency current component) shall be calculated for each 10 min time-series|, and
subsequently the maximum 10 min averages of each frequency band in each 10 % power bin
shall|be reported.

The poltage harmonics during the test shall be reported. The voltage harmonics shall be
meadured at the MEC unit terminals, or RCC as appropriate, and according to IEC 6100Q-4-7.
As a[minimum, the 10 min average values of the total harmonic distortion of the voltage|shall
be reported.

IEC 61000-4-7:2002/AMD1:2008/ 5.6 is on voltage harmonics. This grouping procedure ip still
recomnmended for assessing\the current harmonics of a fluctuating source like MEC units

7.4 | Response to temporary voltage drop

The nesponse of the-MEC unit to the temporary voltage drops shall be measured so that these
can he stated inlaccordance with 6.5. The stated response shall include time series of gctive
powerr, reactive power, active current, reactive current and voltage at the MEC unit term|nals,
or the PCC<as appropriate, for the time shortly prior to the voltage drop and until the effe¢ct of
the Voltage drop has abated. The MEC unit operational mode and the sea state cond|tions
(HmolEqg) or tidal/water flow velocity (m/s) shall be specified.

The active power, reactive power, active current, reactive current and voltage shall be given
for each phase (L1, L2, L3), and shall be measured as positive sequence fundamentals, see
Annex C.

The test shall be carried out for the MEC unit operating between 0,1 P, and P,.

The test can be carried out using for instance a set-up such as the one outlined in Figure 8.
The voltage drops are created by a short-circuit emulator that connects the three or two
phases to ground via an impedance, or connecting the three or two phases together through
an impedance. If access to the MEC unit terminals is not possible, the measurements can be
carried out at the PCC, under the guidelines of the local grid operator.
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Figure 8 — System with short circuit emulator for testing
MEC unit response to temporary voltage drop

the tjansient response of the MEC unit. A by-pass connection’,0f°Z,; may be applied prio
the drop.
oltage drop is created by connecting the impedance Z, by the switch S. The size

shall
not c

The

bnnected.

the tg¢st equipment.

The

switch S shall be able to (Caccurately control the time between connection

discgnnection of Z,, and for all_three or two phases. The switch can be for exam
mecHhanical circuit breaker or-a‘power electronic device.

The
are d

lefined for the MEC) unit not connected to the setup outlined in Figure 8. Without the

mpedance Z, is for limiting the effect of the short-circuit on the Upystream grid. Thg size

e impedance should be selected so that the voltage drop¢testing is not causing an
Ceptable situation at the upstream grid, and at the same time not significantly affgcting

r and

of Z,

be adjusted to give the voltage magnitudes.specified in Table 2 when the MEC unit is

alues of the impedances Z; and Z, used'in the tests shall be stated in the descriptijon of

and
ble a

oltage magnitudes.specified in Table 2 may be affected by the MEC unit operation, but

MEC

unit gonnected, the 'voltage drop shall be within the shape indicated in Figure 9. The durfation
of the drop shallkbé ‘measured from closing to opening of the switch S. The time-tolerar|ce is

inclu
sequ

jed as td<{account for tolerance in operation of the switch S and that the po
bnce voltage will not drop or rise instantly, but with a slope.

sitive
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7.5

7.5.1 General

Voltage

Time
IEC

Figure 9 — Tolerance of voltage drop

Active power

For gach subclause in 7.5, the measurements shall be taken with a measurement set-lip as
specified in Figure 5 (wave) or Figure 6:(tidal and water current), and by the curreni and

voltage, and resource measurement guidelines outlined in 7.1.

The wave resource (H,g, T_qq) oc tidal flow velocity (m/s) shall be stated once for each test

carrig¢d out.

As a|guidance, the full-Secale range for measuring the current may be two times the fated

current of the MEC unit.

The available active power output shall be read from the control system of the MEC unit| or if
the MEC unitrcontrol system does not facilitate this, an approximate value can be used Hased
on measurediresource (wave or tidal) combined with the power characteristic of the MEC|unit.

7.5.2 Maximum measured power

The maximum measured active power shall be measured so that it can be specified in
accordance with 6.6.1 as a 600 s average value, Pgyy, @ 60 s average value, Pgy and as a

0,2 s average value, P, , applying the following procedure:

measurements shall be sampled during continuous operation only;
the active power shall be measured at the MEC unit terminals, or the PCC as appropriate;

measurements shall be taken so that at least five 10 min time series of power are
collected (at resource conditions where the active power output of the MEC would reach
its full rated power output);

the wave resource (H,q, T_qg) or tidal/water flow velocity (m/s) is measured over 20 mins

(17,5 min of data collection). This 20 min period overlaps with the measured power 10 min.
range;
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the measured power shall be transferred to 0,2 s average data and 60 s average data by
block averaging;

Py o shall be determined as the highest valid 0,2 s average value recorded during the
measurement period;

Pgo shall be determined as the highest valid 60 s average value recorded during the
measurement period;

Pgoo shall be determined as the highest valid 600 s average value recorded during the
measurement period.

Wherne available, the ramp rate limitation shall be tested so that it can be charactdrized

according to 6.6.2. The following procedure shall be applied:

7.5.4 Set point control

the MEC unit shall be started from stand still/idle;

the ramp rate shall be set to a stated percentage of rated power per minute;
the test shall be carried out for at least 10 min after the MEC unityhas connected tp the
gfid;
:I"etavailable active power output shall be at least 50 % of(fated power during the whole
gst;

the active power shall be measured at the MEC unit terminals, or at the PCLC as
appropriate;

the test results shall be reported as 0,2 s averagé’data.

If available, the active power set point control shall be tested so that it can be charactdrized

according to 6.6.3. The following procedure shall be applied:

7.6

the test shall be carried out during™a test period of 10 min;

rgmp rate limitation shall be deactivated during the test to ensure fastest pogsible
rgsponse;

the set point signal shall“be reduced from 100 % to 20 % in steps of 20 % with 2 min
operation at each set'point value, i.e. according to Figure 1;

the available active’/ power output shall during the whole test be at least 90 % of rated
ppwer;

the active <power shall be measured at the MEC unit terminals, or at the PCLC as
appropriate;

the testiresults shall be reported as 0,2 s average data.

—Reactive power

7.6.1 General

For each subclause in 7.6, the measurements shall be taken with a measurement set-up as
specified in Figure 5 (wave) or Figure 6 (tidal and water current), and by the current and
voltage, and resource measurement guidelines outlined in 7.1.

7.6.2 Reactive power capability

The maximum inductive reactive power and the maximum capacitive reactive power shall be
measured so that it can be stated according to 6.7.1.
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For the measurement of the maximum inductive reactive power, the MEC unit shall be set
to the operation mode which gives the maximum inductive reactive power in the whole
power range.

For the measurement of the maximum capacitive reactive power, the MEC unit shall be set
to the operation mode which gives the maximum capacitive reactive power in the whole
power range.

For each of the two setting modes, the following procedure shall be applied:

7.6.3 Set point control

measurements shall be sampled during continuous operation only;

the_active and reactive power shall be measured at the MEC unit terminals _or at the PCC
as appropriate;
measurements shall be taken so that at least ten 1 min time-series of active and regctive
ppwer are collected at each 10 % power bin;

the sampled data shall be transferred to 1 min average data by applying block averaging
fdr each 1 min period,;

thHe 1 min average data shall be sorted according to the method of bins so that the regctive
ppwer can be specified as average bin values in a table for 0 %; 10 %, ...90 %, 100|% of
rgted power. Here 5 %, 15 %, ...85 %, 95 % are the midpoints .6f active power bins.

If available, the reactive power control by set point value shall be measured so that it can be

statefl according to 6.7.3.

For the measurement, at a set point of reactive pewer Q= 0, the following procedure shall be

applied:

mleasurements shall be sampled during continuous operation only;
the active and reactive power shall be"'measured at the MEC unit terminals, or at the|PCC
a$ appropriate;
measurements shall be taken, so that at least ten 1 min time-series of active and regctive
power are collected at each(10 % power bin;

the sampled data shall be’/transferred to 1 min average data by applying block averfaging
fdgr each 1 min period;

tHe 1 min average'data shall be sorted according to the method of bins so that the reactive
power can be specified in a table for 0 %, 10 %, ...90 %, 100 % of rated power. Here|5 %,
19 %, ...85 %595 % are the midpoints of active power bins.

For the measurement during the step change of reactive power, the following procedure|shall

be applied:

easurements shall be cnmplnd rlnring continuous. npnrnfinn nnly;

the active and reactive power shall be measured at the MEC unit terminals, or at the PCC
as appropriate;

the active power output shall be at approximately 50 % of rated power;
the sampled data for reactive power shall be 0,2 s average data;

the set point of reactive power shall be varied according to Figure 2. The step change
shall be between Q5 and —0,ax Where O,,5, and -0, are the reactive power capability
of the MEC at the active power output as shown according to 7.6.2;

the measured reactive power shall be shown in a graph as 0,2 s data together with the set
point value of reactive power.
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8 Determination of power quality

8.1 General

Clause 8 gives methods for estimating the flicker expected from a MEC unit or farms built
from groups of MEC units when deployed at a specific site, and to allow the results to be
compared to requirements in other IEC publications.

If electricity network operators and regulatory authorities apply their own requirements in
place of or in addition to IEC standards, the principles of Clause 8 may still be used as a
guideline.

8.2 | Voltage fluctuations (continuous operation)
8.2.1 MV connected marine energy converter units

The methods for assessing compliance with power quality requirements~are valid for [MEC
units| with PCC at MV or HV in power systems with fixed frequencywithin +1 Hz] and
suffigient active and reactive power regulation capabilities. In other cases, the principlgs for
assesgsing compliance with flicker requirements may still be used ascguideline.

The flicker emissions from a MEC unit shall be limited to comply with the flicker emigsion
limits| as specified in formula (8) and formula (9) below.

Fy < Epsti (8)
Bt S Epii (9)
wherge
Py gnd B are the short and long-term flicker emissions from the MEC unit respectjvely;
Epsti gnd  Epyi are the shortsand long-term flicker emission limits for the relevant [PCC

respectively.

Furthermore, the relativé\voltage change due to a MEC unit shall be limited in accordance
with formula (10) below:

Ad,
d<—9m (10)
Un
wherge
d is the relative voltage change due to a switching operation (for example start-up) of a

MEC unit;
Adgy, is the fractional change in voltage.
Recommended methods for assessing the flicker emission limits and the maximum permitted

voltage change for installations at medium and high voltage levels are given in IEC TR 61000-
3-7.

The 95t percentile flicker emission from the MEC unit during continuous operation shall be
estimated applying formula (11) below.
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where

()

S

Pst=at=c<¢k>x§—L (11)

is the flicker coefficient of the MEC unit for the given network impedance phase

angle ¥ at the PCC, and for the given annual average resource condition. (See

Table A.6 in Annex A. This value may be found by applying linear interpolation or
direct approximation from this data);

is the rated apparent power of the MEC unit;

Sk

is the short-circuit apparent power at the PCC.

If the flicker coefficient data for the measured site (i.e. the 95t percentile data:in’ Anngx A,
Tablg¢ A.6) does not correspond to the resource conditions for a given site, thé’95th percentile

of a time

wherge

(i N(1)

Vmeg (1)

-series of synthesized data can be used using formula (12):

(i )t) = f(Vmec ) * Vmec (t) (12)

is the time series data of flicker coefficient synth&€sized using a given MEQ unit
characteristics (flicker vs. resource) and resource data. (For wave, H,,, and| 7_4q
should be stated once for each test);

is the MEC unit characteristics represented in graphical, tabular/look-up or best-fit

formula format relating measured flicker index against the MEC unit’s full range of
operation as reported during themeasurement, for a given network impedance
angle;

is the marine resource (typically synthesized or measured) for a given site[for a
given duration, where dyec ={Hmo,T 10} for wave, Vygc = {vta} for tidal| and
"mec = {vwa} for waterieurrent.

In the¢ case where a farm of MEC units is connected to the PCC, the flicker emission from the

sum of them can be estimated from formula (13) below.

wherge

Nmec 2
> (al)=s) (13)

1
Fsty = Rty ng\/
i1

ci(¥x
S

r,i

N,

mec

8.2.2

is the flicker coefficient of the individual MEC unit;
is the rated apparent power of the individual MEC unit;

is the number of MEC units connected to the PCC.

LV connected marine energy converter

If the flicker disturbance factor data for the measured site (i.e. the 95t percentile data in

Annex A

, Table A.6) corresponds to the resource conditions for a given site, this quantity can

be used directly for a given site at the assessor’s discretion. However, If the flicker
disturbance factor data for the measured site (i.e. the 95! percentile data in Annex A,
Table A.6) does not correspond to the resource conditions for a given site, the 95t percentile

of a time

series of synthesized data can be used using formula (14):
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Fs(t) = f(Mvec) * Pmec (1) (14)
where
Pg(1) is the time series data of flicker disturbance factor synthesized using a given MEC
characteristics (flicker vs. resource) and resource data;
f(PmMec) is the MEC unit characteristics represented in graphical, tabular/look-up or best-fit

In ca
of thd

wher
P

st,i

N,

mec

8.3

The harmonic currents shall be limited to the degree ne€ded to avoid unacceptable harn

volta

apply
relev

IEC 1

Apply
conv

formula format relating measured flicker index against the MEC unit’s full ran

ge of

operation as reported during the measurement, for a given network impedance

angle.

5e more MEC units are connected to a common point, the flicker emission from theg
em can be estimated from formula (15) below.

PstZ = BtZ = Nmec Pst,i
is the flicker disturbance factor of an individual MEC unit;

is the number of MEC units connected to the PCC.

Current harmonics, interharmonics and higher frequency components

jes at the PCC. The applicable limits for emission of harmonics may be four
ing the guidance given in IEC TR 61000-3-6.;However, these limits will be defined b
ant authority in a given jurisdiction.

'R 61000-3-6 gives guidance for summation of harmonic current distortion from |
ing this, the harmonic current at the-PCC due to a MEC unit installation with a numt
brters may be estimated applying fermula (16) below:

Nmec I p
h,

Ihs =B 2 [_'J
=t \

W

is the number of converters connected to the PCC;
is the h'th*order harmonic current distortion at the PCC;

is theyratio of the transformer at the i’th converter;

sum

honic
d by
y the

bads.
er of

(16)

issthe h'th order harmonic current distortion of the i'th converter:

is an exponent with a numerical value to be selected according to Table 7 and the

points below.

Table 7 — Specification of exponents according to IEC TR 61000-3-6

Harmonic order B
h<5 1,0
5<h<10 1.4

h>10 2,0
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If the converters are equal and their power converters’ line commutated, the harmonics are
likely to be in phase and g = 1 shall be used for all harmonic orders.

Formula (16) does not take into account the use of transformers with different vector groups
that may cancel out particular harmonics. If this is the case, adequate measures should be
taken to include the effect of this.

Formula (16) can also be applied for current interharmonics and higher frequency components.
As current interharmonics and higher frequency components are assumed to be uncorrelated,
it is recommended to use g = 2 in formula (16) for summation of these.
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Annex A
(informative)

Sample report format

A.1 General

This sample report format gives a suggested format for reporting the results of tests for

characterizing the power quality parameters of a MEC unit. The assessor should fill in the
empty tables and insert graphihe at the fignrn r-apfinnc

REPORT ON RESULTS OF MARINE ENERGY CONVERTER POWER QUALITY TESTS

The teported characteristics are valid for the specific configuration of the assessed MEQ unit
type pnly. Other configurations, including altered control parameters, that cause the MEC unit
to behave differently with respect to power quality, require separate assessment, see Thbles
A.1 and A.2.

Table A.1 — General marine energy converter.information

Namg of test organization

Repqrt number

Marime energy converter type designation

Marihe energy converter manufacturer

Serigl number of marine energy converter tested

The |marine energy converter identified above has been tested in accordance | with
IEC TS 62600-30. General marine enekgy converter data are given below:

Table A.2 — Marine energy converter nameplate ratings

Marine energy converter type (wave, tidal, water Wave O Tidal OO Water current OJ
currgnt)

MecHhanical conversion scheme (wave: heave, pitch,
yaw,[sway, surge; tidal\and water current: horizontal,
verti¢al; other — spgcify)

Unit frating(s) (kW4

Gengrator type.(synchronous, induction, doubly-fed,
full power{frequency converter, other — specify)

Frequeney converter type and rating (kVA)

Frequency converter firmware version

Frequency converter software settings

Reactive compensation type and rating (kVAr)

Transformer ratio and rating (kVA)

Identification of marine energy converter terminals, or
PCC as appropriate

This test report is accompanied by the documents specified below, see Tables A.3 to A.7.
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