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Part 1: General requirements

FOREWORD

ddition to other activities, IEC publishes International Standards, Technical Specifications, Technhical
baration is entrusted to technical committees; any IEC National Committee interested in.the subject d

the IEC also participate in this preparation. IEC collaborates closely with the Interpational Organiz
hdardization (ISO) in accordance with conditions determined by agreement betwéen the two organiza

ensus of opinion on the relevant subjects since each technical committee has representation fi

nterpretation by any end user.

rder to promote international uniformity, IEC National Committees undertake to apply IEC Publi

pssment services and, in some areas, access t6 IEC marks of conformity. IEC is not responsible
ices carried out by independent certification.bodies.

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

liability shall attach to IEC or its disectors, employees, servants or agents including individual expe|
nbers of its technical committeessand”IEC National Committees for any personal injury, property dan
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegq

spensable for the cofrect application of this publication.

bnt(s). IEC takes 'no position concerning the evidence, validity or applicability of any claimed patent r|
ect thereof{As of the date of publication of this document, IEC had not received notice of (a) patent(s
be requifedto implement this document. However, implementers are cautioned that this may not re
latest infermation, which may be obtained from the patent database available at https://patents.iec.
| not'betheld responsible for identifying any or all such patent rights.

5\62786-1 has been prepared by IEC Technical Committee 8: System aspects of ele

International Electrotechnical Commission (IEC) is a worldwide organization for standardization-conjprising
ational electrotechnical committees (IEC National Committees). The object of IEC is to promote~interrjational
peration on all questions concerning standardization in the electrical and electronic fields. To'this gnd and

eports,

licly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”)} Their

It with

participate in this preparatory work. International, governmental and non-governmental-organizations|liaising

ion for
ions.
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fom all

ational
of IEC
or any

cations
etween
b latter.

formity
for any

rts and
age or
s) and
er IEC

ions is

of (a)
ghts in
, which
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ch. IEC
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y supply. It i1s a Technical Specification.

The text of this Technical Specification is based on the following documents:

Draft Report on voting

8/1656/DTS 8/1677/RVDTS

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Specification is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62786 series, published under the general title Distributed energy
resources connection with the grid, can be found on the IEC website.

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

e regonfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page (of)this document indigates
thatfit contains colours which are considered to be usefukfor the correct understanding
of its contents. Users should therefore print this document using a colour printer
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DISTRIBUTED ENERGY RESOURCES CONNECTION WITH THE GRID -

Part 1: General requirements

1 Scope and object

This part of IEC 62786, which is a Technical Specification, provides principles and general
techni TeTe oTr distributedenergy Tesource D ctectri

network (in the following: the "network"). It applies to the planning, design, operation and
ction of DER to networks. It includes general requirements, connection scheme, ¢hoice
of switchgear, normal operating range, immunity to disturbances, active power respoinse to
frequency deviations, reactive power response to voltage changes, EMC apd,power guality,
interfgce protection, connection and start to generate electrical power; active power
management, monitoring, control and communication, and conformance tests.

It is stipplemented by additional parts of IEC 62786 series, covering Specific aspects.

This document specifies interface and interoperability requireménts for connection of DER to a
netwofrk operating at a nominal frequency of 50 Hz or 60 Hz.xThese requirements are intended
for application at the point of connection (POC) of the DER'to the grid. In some situations, the
irements can be the applied at the AC terminals™of the generator. Additional pgrts of

DER [nclude distributed generation and electrical* energy storage in the form of synchrpnous
generptors, asynchronous generators, power;converters, etc., connected to the medium vpltage
(MV) or low voltage (LV) network.

2 Normative references

The fqllowing documents are referred to in the text in such a way that some or all of their cpntent
constitutes requirements of this document. For dated references, only the edition cited applies.
For yndated references,\the latest edition of the referenced document (including any
amen@ments) applies.

IEC 6Pp255-12, Electrical relays — Part 12: Directional relays and power relays with twqg input
energfzing quantities

IEC 602552127, Measuring relays and protection equipment - Part 127: Fungtional
requinenients for over/under voltage protection

IEC 60255-151, Measuring relays and protection equipment - Part 151: Functional
requirements for over/under current protection

IEC 60255-181, Measuring relays and protection equipment - Part 181: Functional
requirements for frequency protection

IEC 61000 (all parts), Electromagnetic compatibility (EMC)
IEC 61850 (all parts), Communication networks and systems for power utility automation

IEC 62116, Utility-interconnected photovoltaic inverters — Test procedure of islanding
prevention measures
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IEC TS 62749, Assessment of power quality — Characteristics of electricity supplied by public
networks

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

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

ISO and IEC maintain terminological databases for use in standardization at the following
addregses:

e |E[ Electropedia: available at http://www.electropedia.org/

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

3.1.1
black|start
startup of an electric power system from a blackout through internal energy resources

3.1.2
converter-type generator
gener}ator that produces electrical power and is connected. to the network via a conyerter,
including doubly fed induction machines

3.1.3
declafed supply voltage
Uc
supply voltage agreed by the power system operator and the network user

Note 1fto entry: Generally declared supply voltage U is the nominal voltage U, but it may be different acpording
to the ggreement between the DSO and the network user.

3.1.4
distributed energy resource
DER
generptors (with their unit auxiliaries, protection and connection equipment), including|loads
having a generating mode (such as electrical energy storage systems), connected to a
low vgltage or a medium-voltage network

[SOURCE: IEC%60050-617:2017, 617-04-20, modified — unit has been added.]

3.1.5
distripution network
electricpowermetworkforthedistributiomofetectric power fronrandtometworkusersforwhich
a distribution system operator (DSO) is responsible

3.1.6

distribution system operator

DSO

party operating a distribution network

Note 1 to entry: In some countries, a DSO is also referred to as DNO (distribution network operator).

[SOURCE: IEC 60050-617:2009, 617-02-10, modified — Note 1 to entry has been added.]
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3.1.7

electrical proximity

state of two or more pieces of equipment linked to one another by connections the impedances
of which are negligible as compared to other impedances involved

3.1.8

flicker

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

Note 1 to entry: Flicker can be calculated by short-term flicker indicator P ; and long-term flicker indicator P,.

[SOURCE: IEC 60050-161:1990, 161-08-13, modified — Note 1 to entry has been added

3.1.9
fundamental frequency
frequency of the fundamental component of a periodic quantity

Note 1 |to entry: For the purpose of this document, the fundamental frequency is the*same as the power|supply
frequerjcy, e.g. 50 Hz or 60 Hz.

[SOURCE: IEC 60050-103:2009, 103-07-21, modified — Note 1.to.entry has been added.

3.1.1(
fundamental component
sinusg¢idal component of the Fourier series of a perigdie¢ quantity having the frequency fof the
quantlty itself

[SOURCE: IEC 60050-103:2009, 103-07-19]

3.1.11
generating unit
set oflequipment connected together\whose primary purpose is to generate electrical poyer.

3.1.12
genenating plant
group|of generating units.including auxiliaries connected to one POC

3.1.13
harmonic component

sinusTidaI component of the Fourier series of a periodic quantity, the harmonic order of which
is an Integer-number greater than one

Note 1 tovenfry: A component of harmonic » (with n>1) is generally designated »'" harmonic. the designatiof of the
fundamental component as the "1°" harmonic" is not recommended.

[SOURCE: IEC 60050-103:2009, 103-07-25]

3.1.14

interface protection

combination of protection relay functions which open the interface switch of a generating unit
and prevents its closure, whichever is appropriate, in the case of:

e a fault in the electric power network;

e an unintentional islanding situation;

e voltage and/or frequency being outside the tolerance of their operating ranges for
continuous operation
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3.1.15
interharmonic frequency
frequency which is a non-integer multiple of the reference fundamental frequency

Note 1 to entry: By extension from harmonic order, the interharmonic order is the ratio of an interharmonic frequency

to the fundamental frequency. This ratio is not an integer (Recommended notation: "m").

Note 2 to entry: In the case where m<1 the term subharmonic frequency can be used.

[SOURCE: IEC 60050-551:2001, 551-20-06, modified — Note 1 to entry and Note 2 to entry
have been added.]

3.1.1
interaarmonic component
sinusg¢idal component of a periodic quantity having an interharmonic frequency

Note 1 [to entry: Its value is normally expressed as an RMS value.

[SOURCE: IEC 60050-551:2001, 551-20-08, modified — The existing noterhas been deletqd and
a new Note 1 to entry has been added.]

3.1.17
intergperability
propefty permitting diverse systems or components to work together for a specified purppse

[SOURCE: IEC 60050-871:2018, 871-05-06]

3.1.18
long-term flicker indicator
measyre of flicker evaluated over a specified.time interval of a relatively long duration,|using
succepsive values of the short-term flicker.indicator

Note 1|to entry: The duration is typically.2 hours, using 12 successive values of P, in accordange with
IEC 61900-4-15.

[SOURCE: IEC 60050-161:1990;161-08-19]

3.1.1¢
low vpltage
LV
set of|voltage levels used for the distribution of electricity and whose upper limit is gerjerally
accepjted to be-¥ 000 V for alternating current

[SOURCE:_IEC 60050-601:1985, 601-01-26]

3.1.20

medium voltage

MV

any set of voltage levels lying between low and high voltage

Note 1 to entry: The boundaries between medium and high voltage levels that overlap and depend on local
circumstances as well as history or common usage. Nevertheless, the band 1 kV to 35 kV is considered as the
accepted medium voltage boundary.

Note 2 to entry: Because of existing network structures, boundary between MV and HV can be different from country
to country.

[SOURCE: IEC 60050-601:1985, 601-01-28, modified — The existing note has been modified
and Note 2 to entry has been added]
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of connection

reference point on the electric power system where the user’s electrical facility is connected

Note 1

to entry: See Figure 1.

[SOURCE: IEC 60050-617:2009, 617-04-01]

3.1.22
power converter

electr

onic-eauinment that converts
R o

o Ad
e D
o D
o A(

[SOU

3.1.23
port
locati

suppl
[SOU

3.1.24
powe
under
powel

Note 1

[SOU

3.1.285
rate @
ROC(

L to DC (rectifier)
[ to AC (inverter)
[ to DC (DC-to-DC converter)
to AC (AC-to-AC converter)

RCE: IEC TR 61850-90-7:2013, 3.1.16]

bn giving access to a device or network where electromagnetic energy or signals m
ed or received or where the device or network variables may be observed or meas

RCE: IEC TR 62109.1:2010, 3.64]

to entry: Under sintsoidal conditions, the power factor is the absolute value of the active factor.

RCE: IEC 60050-131:2002, 131-11-46]

f change of frequency

ay be
ired

I factor
periodic conditions, ratio of the.absolute value of the active power P to the apparent
S:
A
A = —
S

DF

amou

Nt Of frequency change per unit of time

3.1.26
short-term flicker indicator
a measure of flicker evaluated over a specified time interval of a relatively short duration

Note 1

to entry: The duration is typically 10 minutes, in accordance with IEC 61000-4-15.

[SOURCE: IEC 60050-161:1990, 161-08-18]

3.1.27

short-time withstand current
the current that a circuit or a switching device in the closed position can carry during a specified
short time under prescribed conditions of use and behaviour
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[SOURCE: IEC 60050-441:1984, 441-17-17]

3.1.28

single fault tolerance

built-in capability of a system to provide continued correct execution of its function in the
presence of a single fault

3.1.29

system operator

party responsible for safe and reliable operation of a part of the electric power system in a
certain area and for connection to other parts of the electric power system

[SOURCE: IEC 60050-617:2009, 617-02-09]

3.1.3¢
switch
devicg for changing the electric connections among its terminals

Note 1 [to entry: See Figure 1.

[SOURCE: IEC 60050-151:2001, 151-12-22]

Distribution network

I_User’s network %Point oficonnection (POC) o

Main switch

User’s non-island

| operation |
Interface switch
I I
I [
| User’s island T |
| operation AC |
DC Generating unit switch
[ I
EESS
I I
DER
| I

— — — m— — — m— — m— m— ]

Figure 1 — Example of electricity generating plant connected to a network
(schematic view of switches)

3.1.31

main switch

switch installed as close as possible to the point of connection, for protection against internal
faults and disconnection of the whole plant from the network

Note 1 to entry: See also Figure 1.
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3.1.32
unit auxiliaries
any auxiliary equipment specific to the unit and indispensable for its operation

Examples: mills, circulating pumps, induced draught fans.

[SOURCE: IEC 60050-602:1983, 602-02-29]

3.1.33
interface switch
switch (circuit breaker, switch or contactor) installed in the producer’s network, for separating

the oF: rf(e) of the prnrlllr\nr’e netwark that contain at least ane gnnnrnfinn unit from the n twork

Note 1 to entry: See also Figure 1.

Note 2 [to entry: In some situations, the interface switch can be used to enable island operatien’ of par{ of the
producer’s network, if technically feasible.

3.1.34
geneirating unit switch
switch) installed electrically close to the terminals of each generatingunit of the generating|plant,
for protection and disconnection of that generating unit

Note 1 to entry: See also Figure 1.

3.1.35
voltage deviation
differgnce between the supply voltage at a given instant and the declared supply voltage

[SOURCE: IEC 60050-614:2016, 614-01-4]

3.1.36

voltage dip
sudd{n voltage reduction at a point.in an electric power system, followed by voltage regovery

after @& short time interval, from atfew periods of the sinusoidal wave of the voltage to|a few
secon(ds

[SOURCE: IEC 60050-614:2016, 614-01-08]

3.1.37
voltage fluctuation
serieq of voltage{Changes or a continuous variation of the RMS or peak value of the voltage

Note 1 to entry:® Whether the RMS or peak value is chosen depends upon the application.

[SOURGE-HEG600504644090
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3.1.38

voltage swell

sudden increase of voltage at a point in an electrical system followed by voltage reduction after
a short period of time from a few cycles to a few seconds

3.1.39

voltage unbalance

condition in a polyphase system in which the RMS values of the phase element voltages
(fundamental component), or the phase angles between consecutive phase element voltages,
are not all equal

Note 1 to entry: The degree of the inequality is usually expressed as the ratios of the negative- and zero-sequence
component to the positive-sequence component.
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Note 2 to entry:

—14 -

In this standard, voltage unbalance is considered in relation to 3-phase systems.
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[SOURCE: IEC 60050-614:2016, 614-01-32, modified — Note 1 to entry and Note 2 to entry
have been added.]

3.2 Abbreviated terms

DER

distributed energy resource

DFIG doubly fed induction generator
DSO distribution system operator
EHV extra high voltage

EMC electromagnetic compatibility
HV high voltage

OVRT overvoltage ride through

LV low voltage

UVRT] undervoltage ride through
MV medium voltage

POC point of connection

PV photovoltaic

ROCQF rate of change of frequency

4 Requirements for generating plants

4.1 General

When|connecting a DER to the network, consideration should be given to all generating
and Idads connected or ta.be connected in the same electrical proximity. The combined
of DER should be considered when selecting an appropriate POC for the DER concernedl.

4.2 Connection scheme

DER shall follow the requirements of the system operator in POC. Different requiremen
be subject{e agreement between the operator of the DER and the system operator deps

on thg electric power system needs.

4.3 Choice of switchgear

4.3.1 General

units
effect

s can
nding

Switches shall be chosen based on the characteristics of the electric power system in which
they are intended to be installed. For this purpose, the short circuit current at the installation

point shall be assessed taking into account the contribution of the generating plant.

Switches and their protections shall be suitable for the type of generating units installed.
Related applicable standard shall be used.

Depending on local system requirements, generating plant should be equipped at the
connection point with isolating devices and visible signs that are easily operated and lockable.
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The method for isolating the generating plant connected to a MV network shall be accessible to
the system operator at all times, unless the system operator requires or permits using an
alternative method.

NOTE In some countries, accessibility is also required for DER connected to a LV network.
4.3.2 Interface switch

Interface switches shall have a breaking and making capacity corresponding to the rated current
of the generating plant and corresponding to the short circuit contribution of the generating
plant.

The short-time withstand current of the switching devices shall be coordinated with ma)yimum
short tircuit current at the POC.

In case of loss of auxiliary power supply to the switchgear, the interface switch.shall discqnnect
immedliately. An uninterruptible power supply or an equivalent device may dbe-required by the
systein operator.

The interface switch can be combined with either the main switchor_with the generatinlg unit
switch. In case of a combination, the single switch should be compliant with the requirements
of theg two separate switches. As a consequence, at least two ‘'switches in series shodlld be
presept between any generating unit and the POC. One (of\the two switches can include
electrpnic switch (gate blocking) in case of converter connection.

4.4 Normal operating range
4.4.1 General

A DER when generating power shall have the-capability to operate in the operating ranges
specified below regardless of the topology and the settings of the interface protection.

4.4.2 Operating frequency range

DER Mwith rated power exceedifng-the power threshold for frequency deviation Py, 4| (see

AnnexX F), as defined by individual countries, shall withstand frequency deviations in
accorflance with those specified in Table 1.

Table 1 — Operating frequency requirements of DER

Frequency DER actions required
L Jin2 . . .
> Instantaneous disconnection permitted
f>fmax2
Sf<f

Operate for a minimum time T,
fmax1 <fsfmaxz

Jint =S = fnax Operate continuously

The recommended range values of fin1, fmin2: fmax1> fmax2 and Tp4 are specified in Annex A.

4.4.3 Operating voltage range

A DER with a rated power exceeding the power threshold for voltage deviation Py, 4 (see

Annex F) as defined by individual countries, should provide capability of withstanding voltage
deviations at POC, in accordance with those specified in Table 2.
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Table 2 — Operating voltage requirements of DER

Voltage at POC DER actions required

U< UminZ . . .
Disconnection allowed after time 7,

u> Umax2

Umin2 sU< Umin1 . . .
Disconnection allowed after time 7,

Umax1 <Us Umaxz

Unint S U= U4 Operate continuously

IEC TS 62786-1:2023 © |EC 2023
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B.

Immunity to disturbances
General

llowing withstand capabilities shall be fulfilled.regardless of the topology and the sq
interface protection.

An event on the HV and EHV transmission network can affect numerous small-scale units on MV
epending on the penetration of distributed generation, a significant loss of active power can occur.

Rate of change of frequency(ROCOF) immunity

ding the ROCOF withstand:¢apability, the generating unit shall be able to operate

of standards. Immunity\level of ROCOF may be configured via communication inter
examples follow,
ble 1

b frequency event on the grid and whilst frequency remains within required freq
fion \limits, a DER should maintain continuous operation whilst the absolute va

ROC(

hge exceeds U, 4,0, Overvoltage ride through limits as specified in 4,64 shall apply.

shall

pcommended range values of Upint, Umin2: Umax1: Umax2: Tuf-8nd T, are specified in

ttings

and LV

with a

F as specified by the ,ssystem operator in individual countries and by subparts ¢f this

faces.

uency
ue of

F.does not exceed:

a) a higher threshold ROCOF,; for the first trgcoFni S€CONdS, Or

b) al

ower threshold ROCOF,, for the first t1rocoFo SECONdS,

ROCOF,; and ROCOF,, are the higher and the lower ROCOF threshold values, respectively.
They are expressed in Hz/s and specified by individual countries.

'ROCOFhi IS the minimum time during which a DER should withstand violation of ROCOF,;.

'ROCOFlo IS the minimum time during which a DER should withstand violation of ROCOF,,
(unless ROCOF,, is also exceeded, in which case the above requirement applies).
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'rRocorhi @Nd fRocoF|o are expressed in seconds and specified by individual countries.

Example 2
Figure 2 and/or Figure 3 may be defined by the system operator.

If frequency is within "stay connected" area, a DER shall maintain the connection with the
network. If frequency moves outside of “stay connected” area, a DER may disconnect. The
system operator should choose appropriate values for fq, 14, 5, 19, 14, t2, t3. The chosen values

shall be coordinated with the operating frequency range (see 4.4.2).
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Figure 2 — Underfrequency ride through capability requirements of DER
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Figure3*— Overfrequency ride through capability requirements of DER

Example 3

grid during frequency step change caused by autoreclose of transm|SS|on line. General
requirement of immunity of DER to frequency step change is illustrated in Figure 4.
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Figure 4 — Instantaneous frequency change ride through requirement of DER

4.5.3 Undervoltage ride through (UVRT) requirements

Depending on local system requirements, DER shall stay connected with the grid for a minimum
time during a voltage dip at the POC. General requirements ofimmunity of DER to voltage dips
are illustrated in Figure 5.
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Figure 5 — Undervoltage ride through capability
requirements of DER

If the voltage drop at the POC is within "stay connected" area, the DER shall maintain the
connection with the network. If the voltage drop at the POC moves out of "stay connected" area,
the DER may disconnect.

After the fault is cleared, the DER should recover a specified proportion of its pre-fault output
power, S,o, Within a specified time, T, after stable network conditions are detected as shown

in Figure 6.

These requirements apply to all types of short circuit faults. For three phase DER, the lowest
phase-to-phase voltage shall be used. Depending on local system requirements, the lowest
phase-to-neutral voltage may be used instead.
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The recommended value ranges for parameters 14, ty, 13, t4, t5, tg, Uy, Uy, Uz, Uy, Us, Ugin

Figure 5 are listed in Annex C, Table C.1. The chosen values shall be coordinated with the
operating voltage range (see 4.4.3).

If required, a DER connected to MV networks shall participate in dynamic network support (such
as fast reactive current injection for inverter based DER), see also 4.7.2 and 4.7.3.

A

Powerbefore UVRT ——- - - - - = = = = = = = = = = = — = — = - — — — — -

Srec I
Trec

UVRT duration time

Output power, P (p.u.)

1
Y

Maximum power depends on Uy

Maximum power during UVRT  — —

1) Ig Time, 7 (s
EC

Fjgure 6 — Power recovering requirements for UVRT operation of DER (example)

4.5.4 Overvoltage ride through (OVRT) requirements

Depending on local system requirements, DER shallstay connected with the grid for a mirimum
time dquring a voltage swell at the POC. Generalirequirements of immunity of DER to vpltage
swell pre illustrated in Figure 7.

If the [voltage at the POC is within "staycconnected" area, DER shall maintain the connpction
with the network. If the voltage at the\POC moves out of "stay connected" area, DER may
discomnect.

For three phase DER, the highest phase-to-phase voltage shall be used. Depending on local
system requirements, the highest phase-to-neutral voltage may be used instead.

The recommended range values for parameters in Figure 7 are listed in Annex D, Tablg D.1.

The chosen values,shall be coordinated with the operating voltage range (see 4.4.3).

[}
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Voltage, U (p.u.)
¥

4.5.5

Depemnding on local system requirements, generating units shall be capable of s
conngcted when the voltage phase angle changes instantaneously.

Recommended immunity thresholds are: 60° (single-phase fault) and 20° (three-phase f3

NOTE

Us |

Uy

Us |

5 Stay connected |

Us |

Uo
T T T T T T T L
lO l1 l2 l3 l4 l5 [6

Time, 1 (s)

1EC.
Figure 7 — Overvoltage ride through capability

Rapid phase angle change immunity

Such a change can happen e.g. during an UVRT 6r,OVRT event.

2023

aying

ult).

NOTE | Instantaneous phase angle change of voltagg\vector shape and angle depends on the failure types of line to
line or line to neutral short circuit failures and winding connection type of transformer at the substation or distfibution
line. THe winding connection types are expressediin ‘delta’ and ‘star’. The relations of failure types and trangformer
winding connections are categorized and illustrated in IEC TS 62910. In Figure 8, an example for instantpneous
voltagel phase angle change during UVRT is\ilfustrated.
c
4.0
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=3 >
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3T
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@ ©
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v
L ®
25
Q. Voltage and phase angle change
o observed at A-connection side
Y-connection A-connection
Y-connection two-line 20% 19(;
short circuit failure % EC

Figure 8 — Example of instantaneous voltage phase angle change during UVRT
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4.6 Active power response to frequency deviation
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Figure 9 — Typical power-frequency response curve

Depending on local system requirements, all DER connected to MV and'those connected|to LV
netwofrk with a rated power exceeding the power threshold for active{pewer control Pin-apd: (see

Annex F), as defined by individual countries, shall have active, power control capability| They
shall pdjust their active power output in response to frequenCy deviation (power-frequency
respopse), ensuring the secure operation of the network.

Figure 9 shows a typical power-frequency response curve, as well as the main parametefs that
specify it.

When[network frequency exceeds nominal valug;(f,) by more than Af, DER should reducg their
active] power output with a gradient Gpu. Af shall be expressed in Hz based on ngtional
requirements. Gpy shall be expressed as@er-unit of DER active power per Hz. Values of Afand
G,y shall be specified by individual countries.

When(the network frequency is\bélow nominal value (f,,) by more than A" and if active power
incregse is possible, DER sheuld increase their active power output with a gradient G’} ,. Af
shall be expressed in Hz. based on national requirements. G’IDU shall be expressed as pgr-unit
of DER active power, per/Hz. Values of Af and G oy shall be specified by individual couniries.

4.7 Power response to voltage changes

4.7.1 General

When| the“contribution to voltage support is required by the system operator, the gengrating
plant shall manage reactive power generation according to the requirements of 4.7. Priority
between functions for voltage support services should be considered on the basis of mutual
agreement between the system operator and the DER operator.

NOTE A mutual agreement between the system operator and the DER operator can be the basis for enhanced
voltage support services.

4.7.2 Voltage support by reactive power

DER connected to MV network, as well as those connected to LV network with a rated power
exceeding the power threshold for reactive power Pin-rp (see Annex F), as defined by individual
countries, should participate in steady state voltage regulation in response to network voltage

conditions or system operator instructions. Such DER should therefore have reactive power
capability and be able to maintain a given power factor at POC.


https://iecnorm.com/api/?name=596f93a1992538439475344283e670e9

4.7.3

- 22 - IEC TS 62786-1:2023 © |EC 2023

Reactive power control modes

DER required to participate in steady state voltage regulation as per 4.7.2 should provide the

follow

- 0

ing capabilities as required by the system operator.

= flU) (refer to 4.7.5),

— cos (phi) = {U) (depending on local system requirements),

- 0

= AP),

— cos (phi) = f{P),

- 0
- ¢

- 0

— cop (phi) = commands from remote controller.

Wher
chara

DER g

NOTE
4.7.4

DER ¢
the p

count
(volt-y
Figure
voltag
deper
power

= constant (imposed by DSOs),

(phi) = constant (imposed by DSOs),
commands from remote controller,

appropriate, the system operator should give settings concerning,the gradient
cteristic curve.

hould be able to adjust reactive power output within their reactive’power capability {
Further information is given in Annex E.

Voltage related active power control

onnected to MV network and those connected te'LV network with a rated power exce

ies, should have the capability to reduce thepower output in response to a rise in v
vatt response mode). Table 3 provides examples of setting ranges for parameters in

e above U, Values and the ranges for MV and LV can be different p.u.

ding on local system operator requirements. The DER is only requested to redu
as low as the minimum active(@ower output at stable operation.

Table 3-~Volt watt mode parameters (example)

bf the

ange.

eding

pwer threshold for volt-watt mode Py,_,wm:(see Annex F), as defined by indiyvidual

bltage
olved.

10 provides an example of reduction.in active power in response to an incregse of

alues
e the

Voltage reference values | Default values for active |Range for active power

ower (p.u. of rated power .u. of rated power
Reference Default (range) power (p.u pow (p-u pow

nom) Prom
[ min2 0,9 Upom (0,810 1) 1,05 P 1 to 1,2 or maximum
power
e 0,95 U, (0,8 to 1) P 1
U L 105U (1t01,2) P 1

axa TTU (110 T1,2) 097 — U0
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Figure 10 — Typical volt-watt response curve

4.7.5 Voltage related reactive power response

The vpltage related reactive power response (volt-var response mode€) varies the reactive power
outpuf of the generating unit in response to the voltage at its termimals connected to the nefwork.
DER tonnected to a MV network and DER connected to a LV, hetwork with a rated power
excegding the power threshold for volt-var response Py %, (see Annex F), as definpd by

indivigual countries, should have volt-var response capability. If both volt-watt response|mode
and volt-var response mode are used, volt-var responsé'mode should be used first.

An eXxample of response curve required for the volt-var response is defined by the vpltage
reference values specified and corresponding var levels listed in Table 4 and shown in
Figurg 11.

Table 4 — volt-var response set-point values for reference voltages (example)

Voltage reference values Default values for var level Range
Reference
defaulf.(range) (% rated VA) %

U in2 0,9 U, ;n.(058t0 1) 30 overexcited 0to _
60 overexcited

U i 0,95V, ., (0,8 t0 1) 0 0

U axt 1,05 U, (1t01,2) 0 0

U hax2 1,1 U,om (110 1,2) 30 underexcited 0to _
60 underexcited
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Figure 11 — Typical volt-var response curve

4.7.6 Additional reactive current requirements on generating plants
4.7.6./ General

In cage of faults in the network, depending on locak system requirements, three-phase
generpting plants should have the capability to provideadditional reactive current.

The additional reactive current shall be provided when a voltage change occurs| The
requirements apply to voltage steps of the positive and the negative sequence componEnt of
the fundamental voltage. Voltage steps in the positive sequence result in additional repctive
current in the positive sequence; voltage:-sSteps in the negative sequence result in addjtional
reactiye current in the negative sequence:

NOTE The requirements below describe the general behaviour of the plant. Any implementation is accqptable,
providgd the generating plant meets the requirements.

The generating plant shall be Capable of providing additional reactive current if at least pne of
the following conditions egeurs:

— one or more phasejto phase voltages are outside the static voltage range;
— a gudden change in voltage occurs.

The denerating” plant should cease providing additional reactive current when one ¢f the

3

followjng 6ccurs:

_ || tha nhaca tn nhacao vuanlt
alllthephase-to-phase-vel
n

— 5 s if the sudde
range.

ek inta tho ctaticn yAaltana rannas Ar
Cr—Htothe-—Static~Yortage—+ahge—oH

voltage change did not result in any voltage exceeding the static voltage

The static voltage range shall be adjustable from 80 % to 100 % of U, for the undervoltage
boundary and from 100 % to 120 % of U for the overvoltage boundary. The default setting

shall be the continuous operating voltage range according to 4.4.3. Each phase to phase
voltage shall be evaluated.

For the positive sequence, a sudden voltage jump is defined by Formula (1).

AU1_Nper =(Uy - U1_Nper)/UC (1)
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is the absolute value of the sudden voltage jump (positive sequence);
is the actual value of the positive sequence voltage;

is the average, calculated on a number of periods equal to N,
sequence voltage (recommended value: Nper = 50);

pers of the positive

is the declared innlnly \/nltngp

For thle negative sequence, a sudden voltage jump is defined by Formula (2).

whers

AUZ_I\ per

AU2_Nper = (Up - U2_Nper)/ Uc (2)

is the absolute value of the sudden voltage jumpnegative sequence);
is the actual value of the negative sequence voltage;

is the average, calculated on a number of periods equal to N,

per» Of the nepative
sequence voltage;

is the declared supply voltage’

For AUUNper» @ deadband may be.configurable based on local requirements. A recommgnded

range|is 0 % to 15 %.

Within the deadband, an)additional dynamic reactive current may be required by the|DSO,

provided it does not cduse any network distortions.

The additional reactive current in the positive sequence Aln4 is set by the gradient &k, &s per

Formylae (3) and (4).

Algq = kq AU4 (3)

where
Uy

U1 Nmin

AUy = (U1 = Uy _Nmin) / Uc (4)

is the actual voltage of the positive sequence;

is the average, calculated on N,,;, minutes, of the pre-fault voltage of the positive
sequence (recommended value: N, = 1).

NOTE 2 In normal operation, the positive sequence voltage is almost identical to the RMS value.
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The gradient k4 shall be configurable in the range 2 to 6 with a minimum step size of 0,5.

2023

The additional reactive current in the negative sequence Aln, is set by the gradient k, as per
Formulae (5) and (6):

where
Uz

Uz 1nf
NOTE
The g
If the
the de

currer
angle

The afdditional reactive current according to,Figure 12 shall be provided up to the currer

of the
negat
highe

During the provision of additional reactive current, it is acceptable to reduce the active c

comp
Howe

For vq

ALL — (T
\=Z

LL ) LL
=2 “Z_Tmin/ 7 =0

is the actual voltage of the negative sequence;
in is the 1 min average of the pre-fault voltage of the negative 'sequence.

In normal operation, the negative sequence voltage is ~0.

Fadient ko shall be configurable in the range of 2 to 6 with'a minimum step size of

adband is configured near zero, for negative sequence voltage jumps, additional re
t is only required if the negative sequence-voltage is large enough for reliable
detection.

generating plant, at least up to thefated current while considering that both positiV
ve sequence reactive current affect the individual phase currents simultaneously
5t phase current is relevant forthe limitation.

bnent to maximize reactive current within the apparent current limits of the generatin
ver, the reduction_efiactive current shall be as small as possible.

Itages belowy15°% Ug, no current supply is required.

(%)

(6)

o

negative sequence voltage is near zero, the phase angle is not detectable. Therefore, if

Active
bhase

t limit
e and
. The

urrent
j unit.
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Figure 12 — Principle of voltage support during faults and voltage steps
(DBL: lower deadband limit; DBH: higher deadband"limit)

ividual countries (recommended value: T¢ s, = 30 ms:/The settling time shall
r than T,... et @s defined by individual countries (recommended value: T, oot = 6

efined
be no
D ms).

pplies for the inception of the fault as well as the-fault clearance or any voltage step in

ration of the fault.

hort circuit current requirement may either'be implemented in the generating units

nerating unit or if applicable at the glamps of the additional equipment providing the
current.

lerance is defined as in Figure 13.

wer tolerance in quadrant 1 and 3 is =10 %, the higher tolerance in quadrant 3 is +

to P

max-

or in

bnal equipment in the generating plant.Bue to the high dynamic of the requirement, the
hcy of injected current and the response and settling time is evaluated at the clan

nps of
short

20 %,
k=6
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Q1

IEC

Key
LTR limit of tolerance range

k shall pe assumed to be equal to &4 in positive sequence and to k; in/pegative sequence.

Fligure 13 — Accuracy requirement for additionalreactive current in positive and
negative sequence

All dgscribed settings are defined by the system operator. If no settings are providefl, the
functipn shall be disabled.

The ephabling and disabling and the settings shall be field adjustable; if required by the system
operator, means shall be provideéd-“to protect these from unpermitted interference| (e.g.
password or seal).

4.7.6.p Optional modes

If required by the system) operator, generating plants shall provide one or more of the following
optiorlal modes, in addition to the requirements in 4.7.6.1.

Activg power priority: The generating plant shall be able to give priority to active current injection.
In thig cases-the generating unit shall deliver maximum available active current, limited ohly by
the cyrrent Jimit of the generating unit. If the resulting active current is lower than the cprrent
limit threshold of the generating unit, additional reactive current shall be provided.

Reactive current limitation: the generating plant shall be able to limit the reactive current to a
value specified by the system operator. This limitation applies to the absolute reactive current,
namely to the sum of the pre-fault reactive current and the additional reactive current. The
reactive current limit shall be configurable in the range of 0 % to 100 % of rated current.

Zero current threshold: the generating plant shall have the capability to reduce the current as
fast as technically feasible down to or below 10 % of its rated current when the voltage drops
below a set zero current threshold. As long as the voltage remains above or once it recovers
above this threshold, voltage support during faults and voltage steps is provided. The zero
current threshold is defined by the system operator. The smallest phase to neutral voltage or,
if no neutral is present, the smallest phase to phase voltage shall be evaluated.

NOTE 1 Active current priority might be necessary in small synchronous zones where the loss of active power
generation during a fault might result in frequency deviations.


https://iecnorm.com/api/?name=596f93a1992538439475344283e670e9

IEC TS 62786-1:2023 © |EC 2023 - 29 —

NOTE 2 For specific technologies, further requirements can be included in relevant parts of the IEC 62786 series.

4.8
4.8.1

EMC and power quality

General

Generating plants shall meet the basic electromagnetic compatibility (EMC) requirements as
stipulated in the IEC 61000 series.

Generating units are also expected to be compatible with voltage characteristics at the POC,
as described in IEC TS 62749.

NOTE
require
addres

- ha
- flig
- D¢@
- sh
- sw
- im
- im
- im

- Im
4.8.2

Gene
as de

NOTE
measu

4.9
4.91

DER
netwo

Currently, IEC SC 77A is reviewing all its existing standards to include, where necessary;
ments for generating units/plants. For distributed generation units in LV networks, IEC TR 610004
Eing gaps in the existing EMC standards making recommendations, i.e., on the following aspecits:

monic emissions;

kers and voltage fluctuations;

injection;

rt and long duration overvoltage excursion;

tching frequency emission;

nunity to voltage dips and short interruptions;

nunity to frequency changes;

nunity to harmonics and interharmonics components;

munity to voltage unbalance.
Direct current (DC) injection

ating plants shall not inject direct current into’the network in excess of a given thre
ined by individual countries (e.g.,0,5 %.©fnhominal current).

The DC injection clause is considered.to’be passed for DER with converter-type generators wh
ed DC injection of type tested unit is below the testing threshold.

Interface protection
General

Ehould have protection devices installed to ensure the safe and secure operation
rk. The configuration and selection of protection devices should meet the require

specified by the local network operator concerned.

The in

- to
- to

terface protection system has the following main objectives:

limit"thre duration of fault current supplied to the network by the DER, and

pecific
3-15 is

shold,

bre the

of the
ments

prevent the DER causing an overvoltage situation or contribute to overfrequency

in the

network, and

— to detect unintentional islanding situations and where required, disconnect the generating
plant in those cases.

The g

enerating plant shall assure the following:

— faults and malfunctions occurring within the generating plant shall not impair the normal
functioning of the network;

— the interface switch should be operated in co-ordination with the generating unit switch, the
main switch and switches in the network, for faults or malfunctions occurring within the
generating plant or the system operator network during operation in parallel with the
network;

— the earthing and wiring schemes of generating plants shall be consistent with that of the
network.
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NOTE 1 If the generating plant is designed for self-consumption only, i.e. no export to the network is allowed, and
depending on local system requirements, some kind of additional reverse charge protection might be necessary.

It is not the purpose of the interface protection system to:

— disconnect the generating plant from the network in case of faults internal to the power
generating plant;

NOTE 1

Protection against internal faults (e.g. short-circuits) is coordinated with network protection, according

to system operator protection criteria. In addition, protection against overload, electric shock, fire hazards, etc.
is implemented according to local requirements.

NOTE 2 For specific technologies, further requirements can be included in relevant parts of the IEC 62786

series

— prevent damages to the generating unit due to incidents on the network (e.g. shoft Ci
or| reclosing operations (especially fast automatic ones, which can happen._@fter
hundreds of milliseconds). Therefore, the generating unit shall have an lapprg

prptection system.

that t
case

Possible types of interface protection functions and relays are shewn in Table 5.

e interface protection relay acts additionally on other switch(es);with a proper dg

The irqtterface protection relay acts on the interface switch. The system operator may r
he interface switch fails to operate.

Table 5 — Interface protection functions

cuits)
some
priate

pquire
lay in

Type

Function

Normative referen

Passiye

Phase undervoltage protection

Positive sequence undervoltage protection

Phase overvoltage protection

Residual/zero-sequence overvoltage protection

Negative sequence/unbalance overvoltage protection

IEC 60255-127

Underfrequency protection

Overfrequency-protection

Rate of change of frequency protection

IEC 60255-181

Instantaneous phase overcurrent protection

Time delayed phase overcurrent protection

Instantaneous earth fault protection

Time delayed earth fault protection

Negative sequence overcurrent or current unbalance
protection

IEC 60255-151

Dl ol 4 4 4
rasSetnaercurrent protectton

Voltage-dependent overcurrent protection

Directional current protection

IEC 60255-12

Vector shift protection

N/A

Active

Anti-islanding detection

IEC 62116

NOTE 3 IEC 62116 provides a test specification to verify the islanding protection for PV-Inverters.

NOTE 4 Vector shift protection can trigger inadvertent tripping of generating plans from the network.

NOTE 5 Further technology-specific requirements are included in other parts of the 62786 series.

NOTE 6 Besides observation of voltage and frequency, other methods are available to detect islanding situations.
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4.9.2

Requirements on voltage and frequency protection

The following parameters shall be defined to specify the performance of protection function:

a) measured signals,

b) en
c) se

ergizing quantity,
t value of energizing quantity,

d) operate time,

e) reset time,

f) time delay,

g) dis
The f

The fq

engaging time.

rther required parameters are specified with each normative reference.

llowing two output signals should be provided to operate protection relays:

a) start signal,

b) op
The fU

Figureg

erate (trip) signal.

rther required signals are specified with each normative reference.

14 shows the simplified common operations of proteetion functions.

Enerdlizing quantities are obtained from measured signals. Type of energizing quantities

be de
Figure

If the
delay
return

If the
starts

If ac
opera

After
state.

clared for each protection functions.
14 shows an operational example of protection relay with reset timing characteris

energizing quantity crosses the setvalue of protection level, the start signal is give
counter starts. When the energizing quantity falls below the set value, the protectior
S to its reset state after reset time setting, #,. During ¢, the counter value is retaine

to count.

Umulative counter value crosses the time delay counter, the operate signal is gi
fe the protection relay.

he energizing quantity falls below the set value, the protection relay returns to its

shall

ics.

n, and
relay
.

energizing quantity crosses the set value during the reset time period, the delay counter

en to

reset
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Start time

e

=
]

Disengaging time
o

Operate signal

(]

Tripping

bt value of time
delay counter

L

e et S

Set value of
reset time
Counter value !
of time delay A

T r— .

i : [r E 1 1 1 1 ! [r E

i Reset time _ ! Reset time _ |

I I ' IEC

Figure 14 — Operation of‘protection functions
Detailed requirements of operation of each protection functions are specified in each normative
reference.
DER ghall include overvoltage and undervoltage protection equipment which shall be congistent
with IEC 60255-127. The specification of the function and the performance specificatior] shall
be verified on the basis of functional test methodology defined in IEC 60255-127.
DER ghall include overfrequency, underfrequency and ROCOF protection equipment which
shall be consistent with JEC 60255-181. The specification of the function and the performance
specification shall, be' verified on the basis of functional test methodology defined in
IEC 6Pp255-181.
4.9.3 Means to detect islanding situation
In grig=connected operation mode, a DER should have the ability to detect uninterjtional

islanding situations. The unintentional islanding defection and protection time (if any) should
not exceed Tjy.

The anti-islanding protection scheme should also be coordinated with the grid-side line
protection and the subsequent reclosing cycle.

The following methods of unintentional islanding prevention methods are commonly used:

a) Passive methods:

voltage phase jump detection,

voltage harmonic component sudden increase detection,
frequency change rate (df/d¢) detection,

switching to narrow frequency band.


https://iecnorm.com/api/?name=596f93a1992538439475344283e670e9

IEC TS 62786-1:2023 © |EC 2023 - 33 -

b) Active methods:

frequency bias swing with frequency change detection,
slip mode frequency shift characteristic with frequency change detection,
output active power swing with constant rate with voltage change detection,

output reactive power swing with constant rate with voltage phase change detection,

load switching with constant rate with current balance detection,

output frequency shift characteristic with step reactive power injection by freq
change detection,

inter-harmonic current injection with harmonic component detection.

uency

NOTE
method

NOTE 2

the sys
4.9.4
If reqy
digita
switch
4.10

4.10.1

After
to the
do so

4.10.2

A syn
AU an
differe

Depending on local system requirements, a passive method and an active method combinationorj
is used to avoid islanding detection holes on residual P-Q plane before utility open.

The active method detection is designed, considering that when the residual rotating generator cap
tem is large, islanding detection time tends to be long.

Digital input to the interface protection

ired by the system operator, the interface protection should have“at least two config
input ports. These input ports can for example be used-to“allow transfer trip
ing to the narrow frequency band.

Connection and starting to generate electrical power

General

network unless voltage and frequency are,within normal operating ranges and sha

after a period of time T, ,,ect 10 be decided by the system operator.

Connection of synchronous-type generators

d phase sequence should.be considered. Ap, Afand AU are angle difference, freq

DER to the POC.

4.10.3

When
from t
by th
recon

Autoreclose of distribution lines

he netwOrk within the autoreclose open time to avoid damage. As an alternative, if al
e system operator, the DER may have the capability to withstand out of
hections after autoreclose of the relevant distribution line.

st one

acity in

irable
br the

h system disturbance that has caused a DERto disconnect, that DER shall not cqgnnect

Il only

chronous-type DER should be équipped with an automatic synchronization device. Ag, Af,

pency

nce and voltage difference, respectively, across the circuit breaker which connedts the

the distribution line has an automatic reclosing relay installed, the DER shall discqnnect

lowed
bhase

4.11

Ceasing and reduction of active power on set point

Generating plants connected to a MV network and those connected to a LV network with a rated
power exceeding the power threshold for disconnection Py, 4 (see Annex F), as defined by

individual countries, shall have the capability to be disconnected or curtailed, locally or remotely.
The maximum active power output and the rate of active power change should not exceed the

value

determined by the system operator.
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Remote information exchange

General

Three levels of information exchange with communications shall be constructed as follows:

(Levell)
(Level 2)

(Level 3)

on direct and rapid monitoring and control of the DER.

system has a more global vision of all DER under its control.

Autonomous DER behaviour responding to local conditions with controllers focused
Management system interaction with multiple DER in which the management

Broadcast/multicast consists essentially of one-way notifications without one-to-one

4.12.2

DER
power

count
mutud
ensur

— Re

H ' YR | 1 ERER
cummmmuTrieatiorio witlr 1aryc TiatmioucTiros Ul DULTN.

Monitoring and control

connected to MV and those connected to LV network with a rated power’exceeding the

threshold for information exchange Py, in, (see Annex F), as defined by indi

ies, should be capable of exchanging information with the system eoperator, and
| agreement, shall be able to be monitored and controlled by the,'system operat
e the secure operation of network and DER, DER should meet theyfollowing requiren

quired parameters to be sent from the DER to the system operation centre sh

stipulated in each country.

— De
ing

The in

— DA
— bu

pending on local system requirements, the DER should accept the control and regu
truction sent by the system operator.

formation provided by the DER to the system.operator may include the following:

ER connection status, active and reactive power, and generated electrical energy;
s voltage and frequency at the POC;

— status of breakers at the POC.

4.12.3

Secur|

Communication

e communication channels(between a DER and the system operator should be pro

Comnpunication channels, should be selected in accordance with the system op

requir

When
unles

NOTE

When

ements, taking inte consideration the status of the local network communications.

one is required; the communication system shall be compatible with the IEC 61850
b otherwise specified by the system operator.

Otherlegacy communication systems are presently in operation.

vidual

upon
pr. To
hents:

all be

lation

ided.

erator

series

ystem

public communication is used as an information exchange between a DER and the s

operator, physical security and cyber security measures should be considered. For those DER
with designated black start capability, communication between DER and the system operator
shall be possible even in the case of power failure.

Depending on local system requirements, the following functions should be adjustable through

comm

unications interface:

a) ROCOF values (refer to 4.5.2);
b) UVRT settings (refer to 4.5.3);
c) OVRT settings (refer to 4.5.4);
d) Frequency — watt settings (refer to 4.6);

e) Volt-var settings;

f) Volt-watt settings.
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NOTE 2 More functions are listed in IEC 61850-7-420 as power control functions of converter-based DER. Detailed
configuration of parameters are specified in other parts of the 62786 series.

Before modifying ROCOF, UVRT or OVRT settings, it should be verified that the generating
plant has the technical capability to withstand the new settings. The new settings should be
agreed upon by all relevant parties.

NOTE 3 The applicability of the new settings can be verified by the system operator or by the DER control system.
Agreement on the new settings can be verified by information exchange between DER and system operators.

4.13

Requirements regarding single fault tolerance of interface protection system

and interface switch

If requ
meet

A sing
taken
reaso
the D

5 C

If app

For elgectrical safety requirements of installations, refeb te appropriate regulation for insta

safetyf

For ¢
comm

For ty|

For details of information exchange;, refer to IEC 61850-7-4.

For re
certifi

he requirements of single fault tolerance.

le fault shall not lead to a loss of safety functions. Faults with a common, cause sH
into account if the probability for the occurrence of such a fault is significant. Whe

FR.
onformance tests

icable product standards exist for specific technologies} they should be used.

of each country.

ommissioning tests, refer to appropriate documents in each country or s
issioning documents in IECRE as appropriate.

pe tests, refer to appropriate IEC-standards for each equipment or product.

sponsibilities as to compliance and for compliance verification, refer to the appro
cation authenticationischemes.

ired by the system operator, the interface protection system and the interface switch shall

all be
never

hably practical, the individual fault should be displayed and lead to<the disconnecfion of

lation

ystem

priate
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Annex A
(normative)

Operating frequency range

This annex specifies continuous and limited operating frequency ranges under which all DER

with rated power exceeding Py, ¢, as defined by individual countries, should withstand frequency
deviations (see Table A.1 and Table A.2)

Table A.1 — Continuous operating frequency range

Frequency of power system Jenini Jmax1
Hz Hz Hz
50 48,50 to 49,85 50,15 to 51,00
60 58,00 to 59,90 60,2 to 61,5

NOTE Some countries do not specify f_..1, faxq Value.

Table A.2 — Limited operating frequency range

Frequency of power system Jin2 Jinax2 T,
Hz Hz Hz Hz
50 47,00 to 49,80 50,20 to 52,00 2 s to 90 min
60 56,50 to 59,80 60,30 to 62,50 2 s to 90 min
NOTE fmin2 Sfmin1 andfma><1 Sfma><2'
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Annex B
(normative)

Operating voltage range
This annex specifies continuous and limited operating POC voltage ranges under which all DER
with a rated power exceeding Py, _, 4, as defined by individual countries, should withstand voltage

deviations (see Table B.1 and Table B.2).

Table B.1 — Continuous operating POC voltage range

Uy inq in per unit U haxq iN per unit

0,9 1,1

NOTE It is possible that some countries do not specify

Unnint and U 1 values.

min max

Table B.2 — Limited operating voltage range

in per unit T,, in seconds T,, in seconds

)

in2 1N per unit Uphax2

0,85t0 0,9 1,1t0 1,2 10,0,to 80,0 0,0

NOTE For Table B.1 and Table B.2, Unin2 < Unint < Unmaxt. SWmaxe-
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Undervoltage ride through capability of DER

This annex specifies undervoltage ride through capability of generating units during a voltage

dip at the POC (see Table C.1 and Table C.2).

Table C.1 — UVRT capability of DER with an interface to
the grid based on a synchronous generator

Parameters Residual voltage in Ride through time in
per unit seconds

Uy, t 0,05 to 0,70 0,00 to 0,25
Uy, t, 0,30 to 0,85 0,00 to 0,30
Us, tg 0,70 to 0,85 0,00 to 10,00
Uy 1y 0,85 to 0,90 0,00 to 10,00
Us, 15 0,85 to 0,90 0,00 to 180,00
Us, g 0,85 to 0,90 0,00,ton180,00
NOTE1 ¢ <t,<t3<1t,<t5<ts, Uy S U, < Uz < U, <WUs < U
NOTE 2 By appropriately choosing values for Uiand ¢, two or more points can be
made coincident. This makes the curve flexible."enough as to fit virtually any local
UVRT curve in use in individual countries.

Table C.2 — UVRT capability:of DER with an interface to the grid based

on non-synchronous generators (e.g. converters, DFIG, etc.)

Parameters Residual voltage in Ride through time in
per unit seconds

Uy, ty 0,05 to 0,70 0,00 to 0,25
U, t, 0,05 to 0,85 0,00 to 2,00
U, t, 0,70 to 0,85 0,00 to 10,00
Uiy 0,85 to 0,90 0,00 to 10,00
Ly, g 0,85 to 0,90 0,00 to 180,00
Ug» tg 0,85 to 0,90 0,00 to 180,00
NOTE 1 1, <t,<t;<t,<t5<t5 U SU,<Us<U, <Us < Uy
NOTE 2 By appropriately choosing values for U; and ¢, two or more points can be
made coincident. This makes the curve flexible enough as to fit virtually any local
UVRT curve in use in individual countries.
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Annex D
(normative)

Overvoltage ride through parameters

This annex specifies overvoltage ride through capability of generating units during a voltage
rise at the POC (see Table D.1).

Table D.1 — OVRT capability of DER

Parameters— | Voltage tmperumnit Ridethrougihrtime i
seconds

Uy 1y 1,25 t0 1,32 0,00 to 0,10

U, 1, 1,20 to 1,30 0,00 to 2,00

Us, ty 1,15 to0 1,25 0,00 to 5,00

Uy 1y 1,10 to 1,20 0,00 to 10,00

Us, 15 1,10 to 1,15 0,00 to 180

Us, g 1,10 to 1,15 0,00 to 180

NOTE t,<t,St35t,St551,,U,2U0,2U0,2U, 2 Ug2Hy
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