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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.
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118 PHOTOVOLTAIC POWER GENERATING SYSTEMS
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120 POWER CONVERSION EQUIPMENT

121

122 Part 6: Power control functions and grid support

123

124

125 FOREWORD

126 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
127 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
128 co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
129 in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
130 Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their
131 preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
132 may participate in this preparatory work. International, governmental and non-governmental organizations liaising
133 with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
134 Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.
135 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
136 consensus of opinion on the relevant subjects since each technical committee has representation from all
137 interested IEC National Committees.

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

142 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
143 transparently to the maximum extent possible in their national and regional publications. Any divergence between
144 any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.
145 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
146 assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
147 services carried out by independent certification bodies.

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

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

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

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

162 IEC 63409-6 has been prepared by the working group 6: Balance-of-system components, of
163 IEC technical committee 82: Solar photovoltaic energy systems. It is an International Standard.

164 The text of this International standard is based on the following documents:

Draft Report on voting

XXIXX/FDIS XXIXX/IRVD

165
166 Full information on the voting for its approval can be found in the report on voting indicated in
167  the above table.
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168  The language used for the development of this International Standard is English.

169  This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
170  accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
171 at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
172 described in greater detail at www.iec.ch/publications.

173 The committee has decided that the contents of this document will remain unchanged until the
174 stability date indicated on the IEC website under webstore.iec.ch in the data related to the
175 specific document. At this date, the document will be

176 e reconfirmed,

177 e withdrawn,

178 e replaced by a revised edition, or

179 e amended.

180
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Background

INTRODUCTION

TCB82 has been making efforts to contribute the standardization of DER connection with the grid. In
2016, It joined TC8/JWG10 to harmonize with utility power system operation requirements. In parallel
with such a liaison work, TC82 has also been preparing the standardization of testing of grid
connection requirements for power conversion equipment (PCE) for use in PV systems since 2016.

Purpose

This document proposes the Part 6 of this series which gives test procedures for confirming power
control functions and grid support of PCE.

Figure 1 shows the relationships of the seven parts in [IEC 63409.

Control functions in a PCE
IEC 62891 Part 3: Basic operation
Py  N— PCE control capability
Control
declared by manufacturer
Output Output
E— ————
Power Current control Voltage control
Command

UV, OV, UF, OF
I Part 4: Protection function and FRT voltage. frequency, phase
Part 6: Power control & Grid support functions ‘

Constant p.f. Constant Var Volt-WWatt Ramp rate

Frequency-\Watt Watt-Var Volt-Var

1

Part 7: Remote configuration, control and monitoring

Part 5: EMC

(P,Q IV, F)

Reference f command:

DERMS at power

system operator

S

Figure 1 — Scope of IEC 63409

Full document details: 25/30442849 DC
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195 PHOTOVOLTAIC POWER GENERATING SYSTEMS

196 CONNECTION WITH THE GRID - TESTING OF

197 POWER CONVERSION EQUIPMENT

198

199 PART 6: POWER CONTROL FUNCTIONS AND GRID SUPPORT
200

201

202

203 1 Scope

204  This part of IEC 63409 specifies test procedures for the evaluation of performance of power
205  control functions of power conversion equipment (PCE) for use in photovoltaic (PV) power
206 systems with or without energy storage. This document covers testing requirements of the
207  following functions equipped with the PCE:

208 e Autonomous connection and disconnection

209 e Constant power control

210 — Active power control
211 — Change of maximum active power configuration
212 — Reactive power control (constant reactive power control, constant power factor control)

213 e Response control

214 — Active power response to frequency variations (frequency - watt control)
215 — Active power response to voltage variations (voltage - watt control)

216 — Reactive power response to voltage variations (voltage - var control)

217 — Power - reactive power / power factor control

218 2 Normative references

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

223 IEC 61850-7-4:2010/AMD1:2020, Amendment 1 - Communication networks and systems for
224  power utility automation - Part 7-4: Basic communication structure - Compatible logical node
225 classes and data object classes

226 IEC 61850-7-420:2021, Communication networks and systems for power utility automation -
227 Part 7-420: Basic communication structure - Distributed energy resources and distribution
228  automation logical nodes

229 3 Terms and definitions
230 For the purposes of this document, the following terms and definitions apply.

231 ISO and IEC maintain terminology databases for use in standardization at the following
232  addresses:

233 e |EC Electropedia: available at https://www.electropedia.org/

234 e |ISO Online browsing platform: available at https://www.iso.org/obp

Documents
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3.1

battery energy storage system

BESS

electrical energy storage system with an accumulation subsystem based on batteries with
secondary cells

Note 1 to entry: Battery energy storage systems include flow battery energy systems.

[SOURCE: IEC 60050-631:2024]

3.2

power conversion equipment

PCE

electrical device converting one kind of electrical power from a voltage or current source into
another kind of electrical power with respect to voltage, current and frequency

[SOURCE: |[EC 62109-1:2010, 3.66]

3.3

step response time

for a step response the duration of the time interval between the instant of the step change of
an input variable and the instant when the output variable reaches for the first time a specified
percentage of the difference between the final and the initial steady-state value

Note: See Figure 2
[SOURCE: IEC 60050-351:2013, 351-45-36]

3.4

settling time

for a step response the duration of the time interval between the instant of the step change of
an input variable and the instant, when the difference between the step response and their
steady-state value remains smaller than the transient value tolerance

Note: See Figure 2
[SOURCE: IEC 60050-351:2013, 351-45-37]

3.5

overshoot

for a step response of a transfer element the maximum transient deviation from the final
steady-state value of the output variable, usually expressed in percent of the difference
between the final and the initial steady-state values and for reference-variable step response
or disturbance-variable step response of a control system the maximum transient deviation
from the desired value

Note: See Figure 2
[SOURCE: IEC 60050-351:2013, 351-45-37]

3.6

dead time

in a dead-time element the duration of the time interval by which the output variable is shifted
relative to the input variable

Note: See Figure 2
[SOURCE: IEC 60050-351:2013, 351-50-30]
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278 3.7

279  tolerance band

280  tolerance limit

281 with stabilized power supplies the range of steady-state values of a stabilized output quantity
282  lying between specified limits of deviation from a preset value, e.g. a nominal value

283 Note: See Figure 2
284 [SOURCE: |[EC 60050-551:199§, 551-19-07]

T—q-:p(:}-———————-
|
. ! [
/ Us : !
| I
) | 1
VUi L’U — ] i 1 .'
T L
1) | ]
| I
| o
. &I T:\ ___| I
+ * |
- T =T -
285
286 Key
287 1) For periodic behaviour
288 2) For aperiodic behaviour
u Input variable
U, Initial value of the input variable
Ug Step height of the input variable
v Output variable
Vo Voo Steady-state values before and after application of the step
Vin Overshoot (maximum transient deviation from the final steady-state value)
2-Av, Tolerance band
Te Step response time
Tg Settling time
T, Dead time
289 [SOURCE: IEC 60050-351: 2013, 351-45-36]
290 Figure 2 — Example of step response Documents
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291 4 General requirements

292 4.1 General conditions for testing
293  4.1.1 Sequence of tests

294 The test may be performed in any order unless otherwise specified in this document. It is not
295 necessary to use the same sample for all tests unless otherwise specified in this document.

296 4.1.2 Test equipment conditions

297 Examples of the test equipment such as external power supplies and test instruments are
298 described in Annex A.

299 4.1.3 Manufacturer’s stated tolerance

300 The tolerance bands for ac voltage, frequency, active power, reactive power and the time
301 measurements can be subject to local regulations. If not, the manufacturer of the PCE under
302 evaluation shall state the tolerance.

303 4.1.4 Required setting for EUT (equipment under test)

304  All the grid support functions, except being tested function, should be disabled throughout the
305 test. If any one of the grid support functions is essential to perform the test, it is permissible to
306 enable it. In that case, it shall be written in the test report as remark that the specific function
307  was enabled during the test because it was essential to complete the test.

308 Maximum power point tracking (MPPT) and DC power supply shall be configured as written in
309 4.2.

310 4.1.5 PCE firmware used during the test

311 The versions of the PCE firmware used during the test shall be recorded in the test report.

312 4.2 Test setup

313 During testing, the EUT’s DC and AC ports shall be connected to external DC and AC power
314 supplies according to EUT manufacturer’s instructions. The test circuit diagram with positions
315 of measurement sensors shall be recorded in the test report. Figure 3 shows the typical test
316 setup required for test items described in this document.

317 Apparent power, active power and reactive power shall be measured at AC ports of EUT. The
318 current measuring instruments at AC port of the EUT shall be installed so that the current
319 flowing from EUT to AC power supply is measured as positive. See Annex B or more detailed
320 definitions of sign conventions for measurements of voltage, current and power in this document.

321 The testing of the EUT shall not be influenced by the performance of DC power supply used for
322 the test. Therefore, where the EUT has the capability to disable MPPT control, it is allowed to
323 do so and a DC power supply that is able to provide constant voltage at any required power
324 levels shall be used. A PV simulator may be used provided that the test results are not
325 influenced by any DC instability by the PV simulator. In each case, remarks shall be written in
326  the test report to note the type of the DC power supply or PV simulator used in the test. See
327 Annex C for supplemental information regarding the influences from the PV simulator.
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4.3 Parameters used in the tests

Key
Power line

® Main circuit
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Measuring and
test control line

Measuring and
test control
equipment

Test set-up

Figure 3 — Example of a test setup

IEC

This document describes the parameter setting procedure using the Logical node (LN) and Data
object (message parameter) written in JEC 61850-7-4, and JEC 61850-7-420.

The tests described in this document require parameter setting changes and status monitoring,
but it is not matter whether using communications to change or monitor the parameters. It does
not mean that information exchange or remote monitoring with logical nodes specified in IEC
61850 shall be applied to evaluate the performance of functions. Date objects, or parameters,

are used to describe test procedures.

The monitoring parameters for status of PCE are shown in Table 1, and measured value of PCE
are shown in Table 2. Manufacturer shall declare the parameters before starting the tests.

Table 1 — Status of PCE

Switch controller

EC 61850-7-4

IEC 61850
Item
Standard LN message parameter Description
CSWwiI Pos.stVal Circuit breaker / switch

position

Table 2 — Measured values of PCE

IEC 61850
Item
Standard LN message parameter Description
AC voltage MMXU PPV.phsAB / | "PPV: Phase to Phase
PNV.phsA Voltage
PNV: Phase to Neutral
Voltage"
PPV.phsBC / | "PPV: Phase to Phase
PNV.phsB Voltage
PNV: Phase to Neutral
Voltage"
EC 61850-7-4
PPV.phsCA / | "PPV: Phase to Phase
PNV.phsC Voltage
PNV: Phase to Neutral
Voltage"
AC current A.phsA phase current
A.phsB phase current
A.phsC phase current

Full document details: 25/30442849 DC
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Apparent power TotVA The total apparent power
in a three-phase circuit
[VA].

Active power TotW The total Active power in
a three-phase circuit
[W].

Reactive power TotVAr The total Reactive power
in a three-phase circuit
[VATr].

Power factor TotPF The total power factpr in
a three-phase circuit

Frequency Hz Frequency [Hz].

AC voltage MMXN Vol Non-phase-related AC
rms voltage.

AC current Amp Non-phase-related AC
rms current.

Apparent power VolAmp Non-phase-related AC
apparent power.

Active power Watt Non-phase-related AC
real power.

Reactive power VolAmpr Non-phase-related AC
reactive power.

Power factor PwrFact Average power factor in
a three-phase circuit.

Frequency Hz Frequency [Hz].

DC voltage MMDC Vol DC voltage.

DC current Amp DC current.

DC power Watt DC power.

5 Test procedures

5.1 Test items

Table 3 shows test items specified in this document. The test items are aligned with IEC TS
62786-1, which specifies technical requirements for distributed energy resources (DER)
connected to an electric power network, and |EC 61850-7-420, which defines information

models for DER.

Table 3 — Test items and relations to IEC TS 62786-1 and information models

IEC 63409-6 IEC TS62786-1 Information model

5.2.2 Active power control 4.11 Ceasing and reduction of active power on DWGC
set point

5.2.3 Change of maximum active 4.11 Ceasing and reduction of active power on DWMX

power configuration set point

5.2.4.1 Constant reactive power 4.7.3 Reactive power control modes DVAR

control

5.2.4.2 Constant power factor 4.7.3 Reactive power control modes DFPF

control

5.3 Response control against grid 4.7.3 Reactive power control modes DWPF

variation (Power - power factor

control)

5.3 Response control against grid 4.7.3 Reactive power control modes DWVR

variation (Power — reactive power

control)
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5.3 Response control against grid 4.6 Active power response to frequency DHFW/DLFW
variation (Frequency — watt control) deviation

5.3 Response control against grid 4.7.4 Voltage related active power reduction DVWC
variation (Voltage — watt control)

5.3 Response control against grid 4.7.2 Voltage support by reactive power DVVR
variation (Voltage — var control) 4.7.5 Voltage related reactive power response

349 5.2 Constant power control
350 5.2.1 General
351 This subclause 5.2 describes following test items for constant power control.

352 e Active power control

353 e Change of maximum active power configuration
354 e Reactive power control

355 — Constant reactive power control

356 — Constant power factor control

357 5.2.2 Active power control
358 5.2.21 General

359  This subclause 5.2.2 describes how to verify whether active power tracks if the limit for the
360 active power injection is changed.

361 5.2.2.2 Procedure

362 Minimum required parameters for active power control are shown in Table 4.

363 Table 4 — Minimum required parameters for active power control
IEC 61850
Item
Standard LN message parameter Description
Switch controller EC 61850-7-4 CsSwi Pos.ctlVal Circuit breaker / switch position

1 (on): The application
represented by the LN works.
Enabling function Mod.ctlVal 5 (off): The application

represented by the LN does not
work.

Active power setpoint setting as a
percentage of Wmax.

Active power setpoint WSptPct

Use ramp rates limit Use ramp rates limit. True
RmpRteUse limited to ramp rates ; False
Not limited to ramp rates

Value of ramp rate EC 61850-7-420 DWGC Maximum ramp up rate during
generating
(discharging)/injecting.

RpuMax
Ramp rate as percentage of

WMax or VArMax or AMax per
second.

Maximum ramp down rate during
generating
(discharging)/injecting.

RpdMax
Ramp rate as percentage of

WMax or VArMax or AMax per
second.

Documents

364 a) Set parameter of PCE “CSWI.Pos.ctlVal” with False.
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f) Measure active power at the AC power ports.
g) Set parameter of PCE “CSWI.Pos.ctlVal” with False.
h) Set parameter of PCE “DWGC.RpuMax” and “DWGC.RpdMax” with the minimum value, then

repeat d) to g).

5.2.2.2.1 Criteria

Set parameter of PCE “DWGC.Mod.ctlVal” with “1”, and “DWGC.RmpRteUse” with True.
Set parameter of PCE “DWGC.RpuMax” and “DWGC.RpdMax” with the maximum value.
Set parameter of PCE “DWGC.WSptPct” with 80 %.
Set parameter of PCE “CSWI.Pos.ctlVal” with True.
Measure active power at the AC power ports.

Set parameter of PCE “DWGC.WSptPct” with 100 %.
Measure active power at the AC power ports.

Set parameter of PCE “DWGC.WSptPct” with 80 %.

The error between the parameter of PCE and the detected value of the measuring device
(“MMXU.TotW” or “MMXN.Watt”) is within the allowable range declared by the manufacturer.

5.2.3 Change of maximum active power configuration

5.2.3.1 General

This subclause 5.2.3 describes how to verify whether active power tracks if the maximum active
power configuration is changed.

5.2.3.2 Procedure

Minimum required parameters for active power control are shown in Table 5.

Table 5 — Minimum required parameters for Maximum active power control

IEC 61850
Item
Standard LN message parameter Description
Switch controller EC 61850-7-4 CSwi Pos.ctlVal Circuit breaker / switch position
1 (on): The application represented
by the LN works.
Enabling function Mod.ctlVal 5 (off): Th | q
: ication represente
LN qappica
EC 61850-7-42Q DWMX by the LN does not work.
Maximum active power WMaxSptPct Maximum active power setting as

setting

percentage value

o O T O

) Set parameter of PCE “CSWI.Pos.ctlVal” with False.

) Set parameter of PCE “DWMX.Mod.ctlVal” with “1”.

) Set parameter of PCE “DWMX.WMaxSptPct” with 80 %.
) Set parameter of PCE “CSWI.Pos.ctlVal” with True.

) Measure active power at the AC power ports.

f) Set parameter of PCE “DWMX.WMaxSptPct” with 100 %.
g) Measure active power at the AC power ports.
h) Set parameter of PCE “CSWI.Pos.ctlVal” with False.
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395 5.2.3.3 Criteria

396 The error between the parameter of PCE and the detected value of the measuring device
397 (“MMXU.TotW” or “MMXN.Watt”) is within the allowable range declared by the manufacturer.

398 5.24 Reactive power control
399 5.2.4.1 Constant reactive power control
400 5.2.4.1.1 General

401 This subclause 5.2.4.1 describes how to verify whether reactive power tracks if the limit for the
402 reactive power injection is changed.

403 5.2.41.2 Procedure

404 Minimum required parameters for reactive power control are shown in Table 6.

405 Table 6 — Minimum required parameters for Reactive power control
IEC 61850
Item
Standard LN message parameter Description
Switch controller EC 61850-7-4 cswi Pos.ctlVal Circuit breaker / switch position

1 (on): The application
represented by the LN works.

Enabling function Mod.ctlVal 5 (off) The application

represented by the LN does not
work.

Reactive power setpoint Target reactive power setpoint
VArTgtSptPct expressed as percent as
indicated by VArSetRef.

Use ramp rates limit Use ramp rates limit. True
RmpRteUse limited to ramp rates ; False
DVAR Not limited to ramp rates

Value of ramp rate EC 61850-7-420 Maximum ramp up rate during

generating
(discharging)/injecting.

Ramp rate as percentage of
WMax or VArMax or AMax per
second,

RpuMax

Maximum ramp down rate
during generating
RpdMax (discharging)/injecting . Ramp
rate as percentage of WMax or
VArMax or AMax per second,

Active power setpoint Active power setpoint setting as

DWGC | WSptPet a percentage of Wmax.

406 a) Set parameter of PCE “CSWI.Pos.ctlVal” with False.

407 b) Set parameter of PCE “DVAR.Mod.ctlVal” with “1”, and “DVAR.RmpRteUse” with True.
408 c) Set parameter of PCE “DVAR.RpuMax” and “DVAR.RpdMax” with the maximum value.
409 d) Set parameter of PCE “DVAR.VArTgtSptPct” with 10 %.

410 e) Set parameter of PCE “DWGC.WSptPct” with 80 %.

411 f) Set parameter of PCE “CSWI.Pos.ctlVal” with True.
412 g) Measure reactive power at the AC power ports.

413 h) Set parameter of PCE “DVAR.VArTgtSptPct” with 0 %.
414 i) Measure reactive power at the AC power ports.
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