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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-15: Limits —

Assessment of low frequency electromagnetic immunity and emission

requirements for dispersed generation systems in LV network
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aEsessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fo

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiopn compr
Il national electrotechnical committees (IEC National Committees). The object of IEC\is to pro
ternational co-operation on all questions concerning standardization in the electrical and' electronic field
his end and in addition to other activities, IEC publishes International Standards, Technical Specificat
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, teferred to as
ublication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interg

the subject dealt with may participate in this preparatory work. International, governmental and
overnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates cl
ith the International Organization for Standardization (ISO) in accordancé&, with conditions determine
greement between the two organizations.

he formal decisions or agreements of IEC on technical matters express;, ‘as nearly as possible, an internat
onsensus of opinion on the relevant subjects since each technical,"committee has representation fro
terested IEC National Committees.

FC Publications have the form of recommendations for intefnational use and are accepted by IEC Nat
ommittees in that sense. While all reasonable efforts are’made to ensure that the technical content of
ublications is accurate, IEC cannot be held responsibl¢ for the way in which they are used or for
isinterpretation by any end user.

h order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
ansparently to the maximum extent possible in'their national and regional publications. Any diverg
etween any IEC Publication and the corresponding national or regional publication shall be clearly indicat
he latter.

FC itself does not provide any attestatiohof conformity. Independent certification bodies provide confo

rvices carried out by independent ¢ertification bodies.
Il users should ensure that they have the latest edition of this publication.

o liability shall attach to IEC ot its directors, employees, servants or agents including individual expertg
embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out~ef\the publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn, to the Normative references cited in this publication. Use of the referenced publicatio
dispensablefor'the correct application of this publication.

ttention . is drawn to the possibility that some of the elements of this IEC Publication may be the subj¢
atent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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main task of IEC technical committees is to prepare International Standards. Howevs

tech

miCat committee Ay propose the pubtication of @ Techmica Report when it tas cottetted

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61000-3-15, which is a technical report, has been prepared by subcommittee 77A: Low

freq

uency phenomena, of IEC technical committee 77: Electromagnetic compatibility.
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The

text of this technical report is based on the following documents:

Enquiry draft Report on voting
7T7A/7T44/DTR T7A/759/RVC

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

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

A list of all the parts in the IEC 61000 series, published under the general title~Elegtro-
magdnetic compatibility can be found on the IEC website.

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

* feconfirmed,

* withdrawn,

+ freplaced by a revised edition, or

+ amended.

IMPIORTANT — The ‘colour inside' logo on the €over page of this publication indicates

that
of it

it contains colours which are considered:to be useful for the correct understand
s contents. Users should therefore printithis document using a colour printer.

ing

A bi

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

61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Defi

nitions, terminology

Part 2: Environment

Des|
Clas

Con
Par

Emi

Par
Inst
Miti
Par

Par

Eac

as
num

cription of the environment
bsification of the environment

patibility levels
3: Limits

ssion limits
unity limits (in so far as they do not fall under the responsibility-of product committees

4: Testing and measurement techniques

surement techniques
ling techniques

5: Installation and mitigation guidelines

bllation guidelines
jation methods and devices

6: Generic standards

9: Miscellaneous

sections. Others are“published with the part number followed by a dash and a seg
ber identifying the)subdivision (example: IEC 61000-6-1).

h part is further subdivided into several parts published either as International Standjzrds
or as technical specifications or technical reports, some of which have already been publi

hed
ond
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 3-15: Limits —

Assessment of low frequency electromagnetic immunity and emission

Thid
nati
up

nety
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2.1
eled
EM¢
abil
with

[EC

2.2

disfributed generation, embedded generation, dispersed generation

DG
gen
dist

[IEQ

2.3
cur
stiff

requirements for dispersed generation systems in LV network

Secope

nerators to the grid.

Terms and definitions

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

tromagnetic compatibility

~
Ly

ty of an equipment or system to function-satisfactorily in its electromagnetic environrment
out introducing intolerable electromagnetic disturbances to anything in that environment

60050-161:1990, 161-01-07]

fibution system

60050-617:2009,617-04-09]

rent source inverter
current source inverter (inverter operating as an impressed current source)

24

voltage source inverter

stiff

voltage source inverter with current control (inverter operating as an impressed voltage

source)

2.5
low
LV
set

voltage

of voltage levels used for the distribution of electricity and whose upper limit is generally

accepted to be 1 000 V a.c.

[IEC 60050-601:1985, 601-01-26]

part of IEC 61000 is concerned with the critical assessment of existing andemerging
bnal and international standards for single and multi-phase dispersed generation’systems
o0 75 A per phase, particularly converters connected to the public supply. fow voliage
vork, to serve as a starting point and to ultimately pave the way for ‘the definition of
fopriate EMC requirements and test conditions. This Technical Report is limited to EMC
iSSlES (immunity and emission) up to 9 kHz and does not include other @spects of connegtion

eration of electric energy by multiple sources which are connected to the pdwer
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2.6
(electromagnetic) emission
phenomenon by which electromagnetic energy emanates from a source

[IEC 60050-161:1990, 161-01-08]

NOTE For the purpose of this report, emission refers to phenomena such as conducted electromagnetic
disturbances that can cause distortions, fluctuations or unbalance on the supply voltage.

2.7
emission level (of a disturbing source)
lev X L

sys

; ent,
em or disturbing installation as a whole, assessed and measured in a specified mannef

28
power quality
characteristics of the electric current, voltage and frequencies at a given point in an ele¢tric
power system, evaluated against a set of reference technical parameters

NOTE These parameters might, in some cases, relate to the compatibility betwgen" electricity supplied iph an
elecfric power system and the loads connected to that electric power system.

[IEG 60050-617:2009, 617-01-05]

2.9
point of common coupling
PCC
point of a power supply network, electrically nearest'to a particular load, at which other Idads
are,| or may be, connected

NOTE 1 These loads can be either devices, equipment’or systems, or distinct customer's installations.

NOTE 2 In some applications, the term “point of common coupling” is restricted to public networks.

2.1(
emission limit (allowed from a disturbing source)
specified maximum emission legvel of a source of electromagnetic disturbance (e.g. deyice,
equjpment, system or disturbing installation as a whole)

2.11
immunity (to a disturbance)
abillty of a device,cequipment or system to perform without degradation in the presence of an
elegtromagnetic disturbance

[IEG 60050+161:1990, 161-01-20]

2.17
immunity level
maximum level of a given electromagnetic disturbance on a particular device, equipment or
system for which it remains capable of operating with a declared degree of performance

213

fundamental component

sinusoidal component of the Fourier series of a periodic quantity having the frequency of the
quantity itself

214
harmonic frequency
frequency which is an integer multiple of the fundamental frequency

NOTE The ratio of the harmonic frequency to the fundamental frequency is the harmonic order (recommended
notation: “h”).
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215
interharmonic frequency
frequency which is a non-integer multiple of the reference fundamental frequency

NOTE 1 By extension from harmonic order, the inter-harmonic order is the ratio of an inter-harmonic frequency to
the fundamental frequency. This ratio is not an integer. (Recommended notation “m”).

NOTE 2 In the case where m < 1, the term sub-harmonic frequency may be used.

2.16

total harmonic distortion
TH
ratio of the r.m.s. value of the harmonic content of an alternating quantity to the r.m.s.value
of the fundamental component of the quantity

2.17
volfage unbalance
in g poly-phase system, a condition in which the magnitudes of the phase voltages or|the
phape angles between consecutive phases are not all equal (fundamental.component)

2.1

flicker
impfession of unsteadiness of visual sensation induced by a (ight stimulus whose lumingnce
or spectral distribution fluctuates with time

21

short-term flicker indicator
Pst
megsure of flicker evaluated over a specified time-interval of a relatively short duration

NOTE The duration is typically 10 min, in accordance*with IEC 61000-4-15.

2.2(
long term flicker indicator
Py
megsure of flicker evaluated over a specified time interval of a relatively long duration, uging
sucgessive values of the short:term flicker indicator

NOTE The duration is typically 2 h, using 12 successive values of Pg;, in accordance with IEC 61000-4-15.

2.21
voltage fluctuation
serips of voltage.changes or a continuous variation of the r.m.s. or peak value of the voltage

2.27
voltage'dip (voltage sag)
sudden‘reduction of the voltage at a point in an electrical system followed by voltage recoyery
after a short period of time from a few cycles to a few seconds

2.23

short interruption (of supply voltage)

disappearance of the supply voltage for a time interval whose duration is between two
specified limits

2.24

distribution system operator, distribution network operator
DSO

party operating a distribution system
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2.25
product test
test which assesses the DG current emissions in worst case conditions

NOTE This test method is based on the test circuits specified in IEC 61000-3-2 (up to 16 A), and IEC 61000-3-12
(up to 75 A).

2.26
system test
test which emulates the DG actual condition in the public supply network

NOT Thic tact mathaod o bhocod a-th tact HP-SREL T-Sr-3 Hiadin lEC 64000 .2 2 (0 ¢t 16-A) _and lEC 61000 3_11
5t —Hetea—ts5—na e—-o—the—+ t—GH-GHHT P Hee—H—re= T TPt T o—ahReTe= T

(up tp 75 A), including the impedance, with the addition of a defined load and specified pre-distortion levels.

2.217
islatEding protection
profection against the continuous operation of the inverter and part of the cutility load gnce
isolated from the remainder of the electric utility system

2.2

acti?ve infeed converter
AIC
selfl[commutated electronic power converter of all technologies; topologies, voltages and sjzes
whi¢ch are connected between the electrical a.c. power supply. system (lines) and a d.c. fide
(current source or voltage source) and which can convert electrical power in both directlons
(generative or regenerative) and control the power factor 'of an applied voltage or current

NOTE Some of them can additionally control the harmonig-distortion of an applied voltage or current. Basic
topologies may be realized as a Voltage Source Converter (\S€) or a Current Source Converter (CSC).

3 [General

Thig Technical Report applies to DG afid primarily concerns the critical assessment of sevleral
conmmon low frequency electromagnétic emission and immunity requirements.

It can be considered an initial proposal in order to gain experience toward the definitioh of
appropriate EMC limits and test conditions for the connection of potentially disturbing
installations to LV power systems.

Thig Technical Report focuses on emission caused by DG (mainly harmonics and inter-
harmonics, DC emissions flicker, rapid voltage changes and fluctuations), as well as immynity
aspects to normally occurring events in the public supply network (voltage dips and short
intefruptions,frequency variations, harmonics and interharmonics).

In gdditien, every effort has been made to utilize already existing emission and immynity
standards, including the test set-up and existing test equipment in use.

The existing standards, in combination with the requirements of DG equipment, lend
themselves to the definition of two types of emission tests:

e the “product test”;

o the “system test”.

The application of these two test methods is believed to meet the demands from both DSO
and DG manufacturers and should result in reliable operation of DG equipment up to 75 A
when connected under typical network conditions. It should be noted that these tests,
although being primarily emission tests, also deal to some extent with the immunity of the DG
against normally occurring events in the public supply.
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At this time, DG equipment is generally not designed to compensate for current or voltage
distortions but this possibility may be evaluated for future developments. For such
developments no requirements are included in this Technical Report, but the method of the
system test introduced in this report could be used to evaluate compensating behaviour.

The suggested emissions and immunity tests are devised to assure that DG equipment
connected to the network may be expected to function acceptably in the EMC environment.

4 Classification of DG generators

4.1 General

Thel aim of the following short description of different generation systems is to hightight|the
behpvior of static power supplies connected to the electrical network comparédy with ofher
typas of generators.

Thefe are three main types of generation systems that interface to the power system. THese
include:

e |nduction (asynchronous) generators;
e synchronous generators;

e static power converters.

Each type has its own specific characteristic regardingssynchronization equipment, protedtive
fungtions, starting practices, and electrical operating.behavior. The primary energy sourcge of
gengrating plant can be internal or external combustion, wind, fuel cells, electrochenjical
acctimulators flywheel storage systems, small scale hydro and photovoltaic cells.

In this Technical Report both current and«voltage source inverters are addressed. Althoyigh,
mogt DG inverters might be consideredtas voltage source inverters based on their topology,
they behave with a current source caontrol strategy when viewed from the network integrdtion
pergpective.

Thig means that it is generallyyassumed that the line voltage at the point of DG connedtion
can|be regarded as constant, so the desired power injection is achieved by controlling|the
currient injected by the inverter.

4.2 | Induction (asynchronous) generators

An |induction/generator, “asynchronous” generator, operates on the principles of an|AC
indyction motor, except that in normal operation it has a speed of rotation slightly greater than
the |synchronous speed of the power system. Induction generators, however, are commpnly
used in‘\power plants that only need to operate in parallel with another source (such as|the
utilifyssystem).

Induction generators take their excitation current via their stators. Thus, they consume
reactive power from the system. This causes voltage drop and increased losses in the
distribution system. In situations where system losses and voltage drop are significant, the
induction generator may need provisions to correct its power factor to near unity.

Induction generators cannot sustain an appreciable fault current at their terminals for a long
time due to the collapse of excitation source voltage during the fault. However, they will inject
a large amount of current for a short transient period of time and this can impact the power
system. Because of the characteristics of the induction generator described above, its
protection and interface is somewhat different from that of the synchronous generator.
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4.3 Synchronous generators

Synchronous generators (acting as voltage sources) are rotating energy conversion machines
capable of operating as stand-alone power sources (running independently of any other
source). They also can operate in parallel with other sources (such as a utility distribution
system) if they are properly synchronized to those sources and have appropriate
protection/controls.

One of the synchronous generator’s characteristics is that the integral exciter and exciter
controls allow it to operate as a stand-alone source. This is particularly useful for DG
installations that can serve the dual function of stand-alone (standby) power unit and also grid
paréllel operation. Extra care in the anti-island protection is required with these units.

In pddition, synchronous generators, unlike induction generators, shall be' |precisely
synghronized with the utility system at the instant of connection and during opépation. This
means matching the frequency, phase angle and voltage magnitude within certain {ight
tolefances at the instant of interconnection of the customer’s circuit breaker-interface between
the |utility network in order to avoid damage to, or problems with, the ‘generator or ufility
sysfem equipment.

The| unit’s load shall be controlled in order to maintain synchronicity. If the unit slips oyt of
synthronism and is not immediately separated from the system equipment, damage or pgwer
quality problems are likely to occur.

Syngchronous generators, due to their exciters, can sustain fault currents for much longer than
an jnduction generator (assuming the exciter enefgy source is separately derived). This
makles fault protection more critical on a synchronoéus unit than on an induction unit.

4.4| Static power converters

The| static power converter (inverter) provides the interface between direct current (DC)
enefgy sources or variable frequency. sources and the power distribution system. Examples of
gengration systems employing inverter units include photovoltaic arrays, fuel cells, baftery
storpge systems, some types of micro-turbines, and some types of wind turbines.

Unlike an induction or synchronous generator that uses rotating coils and magnetic fields to
conyert mechanical into. electrical energy, the inverter normally converts one forn| of
eleqtricity into another\\i.e. DC to AC) using solid state electronics, and it is typigally
conjrolled and protécted by its internal electronic circuits. The internal controller detgects
abnprmal voltage,‘current and/or frequency conditions and quickly disables the injectiop of
power into the«utility system if maximum tolerances for voltage or frequency deviations|are
exceeded. It.also controls synchronization and start-up procedures.

intefnal protection functions, larger and special feature inverter units may also require
extermatprotectionfcontrot-functions:

While most small converter units designed for grid parallel operation can rely totally upon tlheir

There are differences between inverters and rotating machines. For example, as the inverter
has no moving or rotating parts, it utilizes the on/off switching of semiconductor devices to
“synthesize” the AC power frequency waveform from the energy source. In addition, due to
the fast switching response of solid state switching devices, a converter is usually able to stop
producing energy much faster than a typical rotating machine, once the controller protection
scheme identifies the need to interrupt flow of energy.

5 Survey of EMC requirements for DG

The need for testing and certification of distributed generation equipment to ensure a
compatible, reliable interconnection with the electric power grid and other load equipment is
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leading research bodies, such as IEEE, EPRI, UL, CIGRE and CIRED to increase the
investigations on this matter to arrive at operating guidelines or standards that find
widespread acceptance.

Within the framework of international EMC standardization regarding integration of renewable
energy sources and distributed energy generation in the electricity supply, the development of

com

mon EMC requirements is more and more required.

The most frequently used specifications and emission requirements in different countries are

sum

marized in Table 1.
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aim of Table 1 is mainly to assess how low frequency emission requirements are_t3
account in different countries and to summarize the possible national/internati
dards and common practice specifications that are normally applied to DG/.and corj
DSOs’ restrictions.

[able 1, data related to voltage fluctuations, harmonics and DC injection were mg
ided by CIGRE TF C6.04.01, a Task Force dedicated to the conhéction criteria at
fibution network for distributed generation [1]1.

Table was subsequently updated on the basis of the contributions from Nati
hmittees. The last column in Table 1 lists the references {0 'National Specifications.

proposed emission tests in this Technical Report are derived with these exis
dards in mind.

h on EMC low frequency immunity requirements were insufficient for a dedicated table.

Table 1 — DG specifications and emission requirements

applied in different countries

ken
bnal

ply

inly
the

bnal

ting

Country Voltage fluctuations Harmonics DC injection National specifications
Individual limits Systems which )
Py=0.46 based on the inject DC current TOR D2:2006 Assessment of _network
’ available short- by design (e.g. interferences for any installation (MV
) Resulting from all-the circuit power (half half wave and LV)
Ausgtria fhonr;)eé:éed getr;eraft‘orst adt of the limits used opera_tlon) are not OVE/ONORM E 8001-4-172:2009 (for
€ mostly attecte for loads of the permitted. (Ref to PV installationq)
same power) EN 50438:2007)
informative id — ific té i
informative ! v Synergrlci fSpemﬂctfhmcfaBG
IEC 61000-3-2, <1 % of rated requirements for connegtion o
IEC 61000-3-3, current: if > 1 %, systems (_)pe_ratlng in parpllel on the
Belgium IEC 61000-3-5 to IEC 61000-3-4 trip after 0,2 s distribution netwprk
IEC 61000-3-11 IEC 61000-3-12 (C10/11 — revision 12 May 2009)
G22-3-NO-—9-08-trtereednection of
Distributed Resources and Electricity
) IEEE 1547: Supply systems
Canad IEEE 519 or IEC 61000 | !EC 61000 series vy
anada series < 0,5 % rated CAN/CSA-C22.2 NO. 257-06
or IEEE 519
current Interconnecting Inverter Based Micro-
Distributed Resources to Distribution
Systems

1 Numbers in square brackets refer to the Bibliography.
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Country Voltage fluctuations Harmonics DC injection National specifications
IEC 61000-3-3 IEC 61000-3-2, Government decree 2003-229 and
' Ministerial orders (March and April
IEC 61000-3-11 IEC 61000-3-12 2003, November 2006) on the
. . general technical requirements
France Limited such that DSO can | Limited such that : ; ; ;
meet its commitments in DSO can meet its _regardln_g design and_operatlon wh_|ch
; commitments in installations must fulfill for connection
terms of power quality. terms of power to the public distribution network
Pr<1 quality. Distribution Technical Guide (EDF)
E VDE-AR-N 4105 Guideline for DG
connection-to-the+y/ grid
IEC 61000-3-3, IEC 61000-3-2, 1 A max (not (draft July 2019)
Gernany normal operation) _
IEC 61000-3-11 IEC 61000-3-12 io after 0.2 VDE 01261+ 1-Automatic
trip after 0,2 s disconnectign.dévice between a
generator and, the public Jow-voltage
grid
Under Technical requirements for the
IEC 61000-3-3 IEC 61000-3-2 consideration; | 6gN0€etion of independen generation
Gréece ’ ’ to the grid
- - 0,
IEC 61000-3-11 IEC 61000-3-4 <1 C/gr?(ferr]?ted Guide for the connectibn of PV
installations to the LV|network
CEI 0-21 (draft) Referende technical
Ithly “ requirements for connedting active
IEC 61000 series IEC 61000 series < O,Cirf;e;e:ted and passive electrical ugers to LV
networks of electricall supply
companies
. Current THD <5 % 1 % of rated Interpretation of the Technical
Japan Ao sha!nbei; 0.451in each harmonic current, trip after Standards for Electricall facilities;
9 current £ 3.% 0,5s Grid interconnectionf Code
Kored (Re IEEE(519: IEEE 1547: Technical requirement for the
) f p- Py<0.25, Py =< 0.35 <05 % rated connection of distributed|generation
1) DD =5% : to the distribution system.
current y
Malhysia IEC 61000 series IEC 61000 series None Malaysian standards ad¢pted from
Pg=1;,Py=0.8 IEC
CFE-L0O000-45 Permissible
deviations on the wavg forms of
IEEE1547 voltage and current in the power
source.
IEEE 519
Under CFE-L0000-7d
México IEC61000-3-3 IEC 61000-3-2
consideration NMX-J-610/3-2-AINCE
IEC 61000-3-6
NMX-J-610/3-3-AINCE
NMX-J-610/3-6-AINCE
NMX-J-610/3-12-ANCE
NTA 8494 Qualification
Netherlands IEC 61000 series IEC 61000 series EN 50438 measurements for grid-connected
(PV)-inverters
Technical requirements needed for
. . the connection of DG systems to the
Portugal IEC 61000 series IEC 61000 series EN 50438 LV EDP Electrical Network
(Portuguese Grid)
IEC 61000-3-2,
IEC 61000-3-3 Class A "Guideline for connection and
0,5 % of rated operation of power plants up to 10
Slovenia or or IEC 60034-1 curre;t and not MW in the distribution network"

Py= 0,46 at the PCC
mostly affected

or individually
calculated when
inverters are used

exceeding 1A

(National System operator of
distribution network — SODO)
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Country Voltage fluctuations Harmonics DC injection National specifications
Royal decree 1955/200
IEC 61000 series | ORDER 5/9/1985 Administrative and
Gal | technical rules for the operation and
, ) . alvanic isolation interconnection to the grid of
Spain IEC 61000 series IEC 61000 series | any equiv_alent hydroelectric power plants up to 5
method is MVA and “autogeneration plants”
required
RD 1663/2000 Interconnection of PV
installation for the low voltage grid
O AR ot the DA Individually 1 A max(not VSE/AES 301/006
Swit4erland h J calculated when TTEr UPETAUYTT Technical Rules tor the Assessment
mostly affected . t d f Net k Disturb
inverters are use trip after 0,2 s of Network Disturbances
TIS 1449-2010 TIS 1448-2010
o : ,
Thaliland TIS 2484-2010 TIS 2483-2010 < 0.5 % of rated Thailand’s standards adppted from
inverter current IEC
TIS 1450-2010 TIS 2485-2010
IEC 61000-3-3 IEC 61000-3-2
e (Class A) 20 mA limit
IEC 61000-3-11 recommended in)| Compliance with Energy Networks
IEC 61000-3-12 ENA ER G83{ | Association =~ (ENA), [Engineering
IEC/TR 61000-3-4 Recommendations (ERs)| relating to
Unlited DGS <, 164 the connection of |equipment,
Kingdom Pst < 0,5 measured at PCC mandatory in accordande with the
Ing according to ENA ER P28; andatory | wi
Limits implemented o DIStI'_IbUtIO.n .COQe fpr all .DSOs
P < 1,0 measured at the through references Zero limit holding Distribution Licepses issued
supply terminals (not in ENA ER G59/1 recommended in | by the Regulatory Authorily
applicable to generating ’ ENA G5/4-1
plant exporting power to | ER G83, ER G5/4-1
other consumers)
AS 4777 series: Grid cdnnection of
Ausitralia AS/NZS 61000 series AS/I\ISZ:ieG;OOO IEC 61000 series | energy systems via inverters; Series
AS 4509: Stand alone powWer systems
; IEEE Standard 1$47
USA IEEE 519 IEEE 519 Va”"ﬁ.?m”g
utilities Energy Policy Act of 2005
6 |Proposed EMC requirements and tests
6.1 General testrequirements
The| proposed-general test setup for emission and immunity tests for DC supplied inverters is
shown in Figure 1.
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linear / non-linear load
DC power supply

IEC 1866/11

Figure 1 — General test setup for combined emission/immunity tests

The| impedance unit shown in Figure 1 can be in-lin€l or by-passed. It simulates the pyblic
supply network impedance as specified in IEC 61000-3-3 or IEC 61000-3-11, depending on
the IDG power. With the impedance in line, any, non-linear current flowing to or from|the
invgrter or the load will cause voltage distortionrat the inverter side of the impedance. For|the
purposes of the tests defined in this Technical Report, the Z.; defined in IEC 61000-3-3 |and

Ziest defined in IEC 61000-3-11, 6.3 are suggested.

For|current levels up to 16 A, the IEC 60725 Reference Impedance (“Z,’) values are used.
The| combined resistance plus inductance values for European 230 V — 50 Hz public supply
networks are defined as (0,4 Q\*j 0,25 Q) consisting of (0,24 Q +j 0,15 Q) for the phase[and
(0,16 Q + j 0,1 Q) for the neutral. For higher current levels up to 75 A, the suggested “Ziest”
impedance values are specified in IEC 61000-3-11, 6.3 and result in a combined impedgnce
of (P,25 Q + j 0,25 Q).kor North American networks, appropriately lower impedance values
may be used, when performing the system test.

An |appropriates.power analyzer/data acquisition unit should be used to measure curfent
emigsions, voltage fluctuations and flicker, as well as voltage distortions caused by|the
inverter.

The| ACpower source simulates the public supply and can produce distorted voltages, fips
and-mterruptions—and—frequency variations.— T e ACpower source or the impedance urit has
to be able to separate the simulated power supply from the inverter. This may also be
accomplished by a separate switch as shown in Figure 1. Opening this switch simulates the
circuit breaker tripping, i.e. separating the DG from the public supply at the local level, while
programming the voltage to zero simulates the situation when the public supply voltage goes
to zero.

If the power source used to simulate the public supply is regenerative, it can feed the
(excess) inverter power back into the public supply. If the power source is not regenerative,
an additional parallel load unit is necessary, or the power source shall be capable to absorb
all of the power produced by the inverter. The load unit shall be capable of producing linear
and non-linear current flow, to simulate the typical load pattern such as found in homes and
offices.
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DC supply shown in Figure 1 provides power to the inverter and can be set to various power
levels, so as to operate the inverter at various power generation levels. A standard DC
supply, possibly computer controlled or otherwise controllable, with variable voltage is to be
used for the tests.

6.2 Proposed tests

The result of the assessment process led to the compilation of the tests shown in Table 2.
Successful completion of the tests, some of which are dealt in detail in Clauses 7 and 8,
should result in reliable operation of DG equipment up to 75 A when connected under typical
network conditions.

It should be noted that these are proposed tests only.
Table 2 — Proposed EMC requirements and tests for DG equipment
Refer to Figure 1 for general test setup and requirements of emission/immunity tests
DG| proposed test Tes_t set up Proposed limits Test impedance Test specific nptes
configuration
Modified Class C
IEC 61000-3-2 (= 600 W) -
- NO Product test
IEC 61000-3-12 Modified Table 2
of IEC 61000-3-12,
Harmonic emissions Rsce =33 (> 600 W)
IEC 61000-3-3 If V-THD < 5%)
IEC 61000-3-11 increase of V=THD YES System test
Pre-distorsion <5 % <1 %'due to DG
Pst = 0,5
Flicker IEC 61000-3-3 Zret OF Ziest
AU=4;6% depending on DG Product test
Voltage fluctuations IEC 61000-3-11 power
de=d(t) =3,3%
1 0,
DC Injection See harmonlk 0.5A 0r1 %I raieq NO Product test
emissions whichever is less
Short and long Voltage tolerance YES Less then 2 cyfle
durgtion overvoltage IEC 61000-3-3 envelope test
ennssr:on cI:Dact;sed IEC 61000-3-11
| when Voltage tolerance YES Greater then 2 dycle
dig conne;cts from envelope test
the public supply
For emissions ffom
Swifching frequency . . Under 2 to 9 kHz, work is
D Under consideration . . - - .
emission consideration in progress in IEC
7T7TAWG1
| \ - IEC A1000.4-11 Short dip/interrlpt
mmunity to voltage .
dips and short IEC 61000-4-34 Voltage dip YES < 100 ms
. ) Tolerance Curve -
interruptions Longer duration
voltage dips
Immunity to IEC 61000-4-28
frequency variation 6% NO
Immunity to IEC 61000-4-13 Class 2 Immunity from 2 to
harmonics and inter NO 9 kHz is under
harmonics Class 3 consideration
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7 Emission

7.1 General

Depending on the primary energy source and on the technology used for the conversion
process, the connection of DG units to the grid may increase the disturbance level, thus
increasing the probability that electromagnetic interference occurs.

The degradation of the power quality may affect the installations of the network users and
prevent the network operator from meeting its obligations. The magnitude of DG caused
distprbarces—dependstargetyonthe—shorciretipoweravaiable—s S 10 i

on fhe power level of the DG unit. The phenomena are therefore expected to be
impprtant on weak grids. Hence, the network impedance at the PCC may be one of|the
limiling factors which determines the number and size of DG units that can be connected. In
addjtion to the size of individual DG units, their parallel operation needs to be considered as
well.

The|impact on the public supply network also depends on the technology:dused, especially for
the | coupling with the grid: for instance, coupling systems making “use of an electrpnic
intefface may help to limit or even avoid voltage fluctuations or flicker-but in some cases they
may carry a risk in terms of increased voltage distortion.

Whereas this Technical Report is principally concernedXwith limiting DG emissiong to
acceptable levels, it might be possible in the near future to utilize DG to improve pdwer
quality. If DG penetration will sufficiently increase, a possible solution to reduce EMC impact
on the network could be to adopt a different inverter strategy in order to achieve a behavjour
of the inverter emulating synchronous generators\{2]. In addition to this type of behavipur,
actiye infeed technology could be used to jmprove power quality using a compensating
behpviour that could be superior to that of synchronous generators.

Thus, improved power quality of the public supply might be achieved either by using inverters
with voltage source control strategy orlby using a group of devices, which, for instance, could
congist of inverters with current source control strategy and an additional compensaftion
sysfem.

Opgration of DG equipment,yincluding switching at start up and stopping, power convergion
and|stochastic output may cause:

. oltage fluctuations;

o flicker;

e harmonic-and inter-harmonic emissions;
e unbalance;

o (disturbance of network signaling systems (PLC/ripple control).

The following clauses give information concerning possible test methods for the above
phenomena as applicable to DG units, taking into account the data collected in Table 1.

7.2 Harmonics
7.21 Mechanisms of harmonic current emissions

Many inverters based DG have harmonic currents at the PCC that appear to be significantly
dependent on the harmonic voltage content of the AC-system voltage [3]. The impact of
harmonic currents produced by the DG on the harmonic voltage distortion also depends on
the impedance of the supplying grid at the PCC, the properties of the internal filter of the DG
equipment and the characteristics of the control system of the DG.
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If the control system takes its current reference waveform from the measured network voltage,
the harmonic components in the voltage produce harmonic currents that tend to increase the
voltage distortion.

In addition to harmonic currents caused by the supply voltage harmonics, DG equipment
generates harmonics of its own due to the switching operation of its solid state devices.
These harmonics are usually above 2 kHz but even then small components at lower
frequencies exist due to the imperfections in the control and solid state device properties.
Naturally the magnitude of the generated harmonics depends on the type of the DG
equipment’s internal filter and its component values.

Furtlhermore, the harmonic currents could differ considerably under different generalting
conditions, e.g. there can be a substantial difference between high and low input pdwer
operations of the inverter [4]. The assessment for grid connection of photovoltaic bgsed
invgrters should take this into account. For example, in case of a solar inverter'with DC/AC
currient control using open-loop control for low-load conditions and closedrlogop control for
higher loading conditions, the harmonics are higher for low power generation conditions [and
rediiced for peak generation conditions (see Annex A). Therefore several load levels|are
defined in harmonic current emission tests.

Some more details and measurements results are given in AnnextA:

7.2 Proposed limits and tests for harmonic current emissions

Spefcific recommendations on harmonic emissions associated with interconnecting distriblited
resqurces with electric power systems can be found {n\\EEE 1547 [5].

Even though the harmonic current emission. limits in IEC 61000-3-2 (up to 16 A) Jand
IEC[61000-3-12 (from 16 A to 75 A) were,derived with loads in mind and DG was|not
consgidered, it can be assumed that there(is a substantial degree of commonality between
certpin loads and dispersed generation as far as emissions are concerned.

In particular, there is commonality between lighting type loads and dispersed generdtion
belgw 600 W. Both lighting and~DG are used for prolonged periods and may also have
conlparable power levels. The-combined lighting products of a home can be comparablg to
smdll inverters, while a small office building can have a combined lighting power consumpftion
that|is similar to popular inverter types in the low kilowatt range. This is particularly applic@ble
to photovoltaic based«inverters. Therefore it can be concluded that lighting and small gize
invgrters generally_(have a potentially similar impact on the network as far as curfent
emigsions are concerned, irrespective of the direction of current flow.

Consequently,~it seems to be reasonable to consider a set of limits based on the slightly
modified dEC61000-3-2 Class C (lighting) limit table, as a good guideline for limiting current
emigsions) " for DG units below 600 W. The slightly modified proportional limitg of
IEC[61000-3-12 (Table 2, Rsce = 33) are believed to be suitable for DG equipment in the pgwer
range above 600 W

In addition to limiting current emissions, the DG should not significantly increase the voltage
distortion on the network. To verify that the DG equipment causes neither current nor voltage
distortion to exceed acceptable levels, two test methods are proposed: the first method
defines a strongly suggested “product test” and the second method, highly recommended as a
supplementary test, defines a “system test” for DG equipment.

The product test method utilizes the test set up specified in IEC 61000-3-2 (up to 16 A), that
is similar to the test setup for IEC 61000-3-12 (up to 75 A). The test basically assesses the
DG current emissions in worst case conditions: if the DG meets the proposed limits, it is
expected to function properly in all but the most exceptional cases.
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The current emission limits specified in IEC 61000-3-2 and IEC 61000-3-12 were derived to
limit voltage distortion to acceptable levels at the point where the load is connected. The
network is not ideal however, i.e. may have significant distortion present. Any added current
distortion from the DG can increase the voltage distortion already present in the network, so it
is necessary to limit the amount of increased voltage distortion the DG may cause.

For this reason, the system test method is proposed which utilizes the test circuits specified in
IEC 61000-3-3 (up to 16 A), and IEC 61000-3-11 (up to 75 A), including the impedance, with
the addition of a defined load and specified predistortion levels, in order to emulate the actual
condition in the public supply network.

The| proposed test methods should enable the user and the manufacturer to assure that|DG
equjpment can function acceptably in the EMC environment commonly found on the(hetwpork.
Proyided that the DG meets the product test requirements, it is proposed that an.acceptable
sysfem behavior is achieved when the DG equipment does not cause local voltage harmpnic
distprtion to increase by more than 1 % absolute, under the assumption thatthe local volfage
distprtion is less than 5 % prior to the connection of DG.
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7.2.3 Summary of harmonic current emission tests

Table 3 specifies the characteristics of the main instrumentation and lists different suggested
product and system tests for harmonic current emissions.

Table 3 — Different suggested product and
system tests for harmonic emissions

Main instrumentation to perform DG tests

—  Regenerative -> [he power source reed back the DG power 1o the public supply

POVJ’ER SOURCE | _  pnoT regenerative -> the power source or load shall absorb all the DG power\pluls an

acceptable margin

— linear
LOAD
— NOT linear
DC SUPPLY — variable voltage for different DG power levels
PRODUCT TEST (ideal network)
Limits: as proposed in Table 6
Load Power source? Reference impedance Pre-distortion level
None Regeneratlve NO NO
nominal voltage
Not
Power source
regenerative NO NO
or linear load
nominal voltage

Product test main features:

DG harmonic emissions measured in a worst case condition. If product test is passed, DG functions properly in
public supply network (in all but the most excéptional cases)

?  maximum allowed voltage distortions_according to IEC 61000-3-2 (< 16 A) and IEC 61000-3-12 (> 16 A)

SYSTEM TEST (voltage distortion on the network)

Load DG Network Pre-distortion Set u DG voltage
supply impedance" level <5 % P distortion limjt
V-THD
. o 4,0 +0,2 % set IEC 61000-3- DG
linear 100 % Zret OF Ziest by source® 3/11 i crease < 19
50 % ST 100 % 7 o Z 4,0 +0,2% IEC 61000-3- V-THDoe
f test
50 Yo fiotlinear * ° caused by load 3/11 increase < 19
25 % Tinear 100 % 7 orZ 25+0,2% IEC 61000-3- V-THDos
ref test
25 % not linear caused by load 3/11 increase < 1 %
25 % linear 50 % 7 o1 Z 40+02% IEC 61000-3- V-THDos
ref test
25 % not linear caused by load 3/11 increase <1 %

b of the public supply network: Z. in IEC 60725 = 0,4 Q + j 0,25 Q (impedance applied for power levels < 16 A

per phase); Ziest = 0,25 Q + j0.25 Q (impedance applied for power levels > 16 A per phase).
¢ See Table 7.

7.24 Product test procedure for harmonic current emissions

Connect the DG as shown in Figure 1 (with impedance by passed) and set the simulated
public supply to the nominal voltage.
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For DG below 16 A, verify that the simulated public supply has a voltage distortion that is less
than the maximum values specified in IEC 61000-3-2, Clause A.2 and illustrated in Table 4.

Table 4 — Voltage distortion of simulated public supply (IEC 61000-3-2)

The harmonic ratios of the test voltage (U) shall not exceed the
following values with the EUT connected as in normal operation:

0,9 % for harmonic of order 3;

For
tharn

0,4 % for harmonic of order 5;

0,3 % for harmonic of order 7;

0,2 % for harmonic of order 9;

0,2 % for even harmonics of order from 2 to 10;
0,1 % for harmonics of order from 11 to 40

DG above16 A, verify that the simulated public supply has a voltage distortion that is
the maximum values specified in IEC 61000-3-12, 7.1 and illustrated in Table 5.

Table 5 — Voltage distortion of simulated public supply (IEC 61000-3-12)

The harmonic ratios of the output véltage (U) in no load condition
shall not exceed the following values:

1,25 % for harmonic of order_3;

1,5 % for harmonic of order5;

1,25 % for harmonic of order 7;

0,6 % for harmonic of order 9;

0,4 % for even harmanics of order from 2 to 10;
0,7% for harmonic of order 11;

0,6% for harmenic of order 13;

0,3 % for harmonics of order 12 and from 14 to 40

Verify that the DG current emissions remain within the limits specified in Table 6.

The
(Irms

The
IEC

limits reported’in Table 6 are defined as a percentage of the average r.m.s. current |
) that the ‘DG unit can be operate on a continuous basis in full load condition.

method to determine the maximum continuous operating current is the method use
61000-3-12 (basically the average of the current over the observation period with

ess

Bvel

d in
the

inve

: ; ;
rteroperatmygatmaximumpower):

The inverter is, at first, operated at the maximum (rated) power it can continuously handle.
The current at that level is the basis for limits, even when the unit is tested at 25 % and 50 %
power.
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Table 6 — Limits for DG up to 75 A/phase (in percent of I,,s)

Odd harmonics Even harmonics
Harmonic order 2 3 5 7 9 1 13

from H15 to H3g from H4 - H4o
ForDG<600W | 2% |30 % x 4| 10 % 7 % 5% 3% 3% 3% 2%
ForDG>600W | 1% | 21,6 % | 10,7 % [7,2% [3,8% [3,1% | 2% 1% 1%

NOTE A is the power factor of the DG, measured under 100 % power generation condition

7.2.6 System test procedure for harmonic current emissions

In Tjable 7 are reported the distortion values for a voltage distortion V-THD of 4,0 %)based on
flat fop and peak curve of IEC 61000-4-13.

Table 7 — Distortion values for a flat top and
peaky voltage distortion V-THD of 4,0 %

Frequency Fund. H3 H5 H7 H9 H11 )] H13 | H15 H17 | H1P

Amplitude (%) 100 3,3 1,6 1,1 0,8 0,6 0,4 0,2 0,1 0,

Phase for flat-top wave form 0° 10° | 210° | 300°/,220° | 20° 0° | 120° | 180° | O

Phase for peaky wave form 0° 180 ° 0° 270 ° 0° 180° | 0° 0° 0° 0

7.3 Unbalance

Depending on the type of DG units 'and the connection to the grid, it may increase|the
unbplance rate and therefore may‘\affect the quality of supply. Even though there is no direct
test|to establish unbalance caused by a single phase DG, possible flicker/voltage fluctuat{ons
may occur and the following-‘considerations apply.

Thel system voltages<at a generation site are generally highly symmetrical due to|the
congtruction and opération of synchronous generators used in large centralized power plants.
Thefrefore, the central generation generally does not contribute to unbalance.

However, when small-scale distributed generation, sometimes embedded in en
management’systems, is installed at the customer’s site and represents a significant shar
the [electricity production, the situation is different. Many of these relatively small units,
hofovoltaic installations, are usually connected to the grid at LV by means of single-phase

- - ) : . . (the
short-circuit power is relatively low), leading to a potentially larger unbalance of the voltage
compared with connections at higher voltage level.

The impedance of electricity system components is not exactly the same for each phase. The
geometrical configuration of overhead lines, possibly asymmetric with respect to the ground
for instance, causes a difference in the electrical parameters of the line. Generally, these
differences are very small and their effect can be neglected when sufficient precautions, such
as the transposition of lines, are taken. In most practical cases, the asymmetry of the loads is
the main cause of unbalance.

In IEC 61000-2-2, the standard related to the compatibility levels for low-frequency conducted
disturbances, voltage unbalance should be considered in relation to long term effects, i.e. for
durations of 10 min or longer and only in relation to the negative phase sequence component,
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this being the component relevant to possible interference with equipment connected to public
low voltage distribution systems. For systems with the neutral point directly connected to
earth, the zero-sequence unbalance ratio can be relevant.

The voltage unbalance caused by a single-phase load connected line-to-line is in practice
equal to the ratio of the load power to the network three-phase short circuit power.
Consequently, unbalance is generally only a concern in larger installations.

7.4 Voltage fluctuation and flicker

7.4.4—General

Disfribution networks may suffer an increase in the levels of flicker, voltage fluctuatiohs [and
rapid voltage changes due to the connection and disconnection of DG units embedded in|the
networks or in consumers’ installations, or due to variable DG power output ofva stochgstic
natyre. The last effect is often associated with wind power units sited in remote rural locat|ons
hav|ng weak supply networks, or photovoltaic units subjected to varying irradiation patterns.

When a supply network is weak, i.e. characterized by a low short circtit“current ratio or high
network supply impedance, voltage variations due to changes ,of‘DG output power may
becpme large enough to cause a rise in consumer complaintsWeak networks are usyally
operlating at the extremes of their statutory supply voltage tolerances.

For|DG equipment of limited power and exporting into the*public supply at a high short cigcuit
currient connection, it is unlikely that the DG will introduce-noticeable flicker.

However, with large DG units or several parallel“0perated photovoltaic units in a local|zed
areq, flicker may occur. In winter months, whenstemperature, cloud and wind conditions may
chapge frequently and suddenly, flicker may.occur due to the voltage changes produced by
rapid power changes at the DG point of connection.

For(DG equipment up to 16 A per phase, IEC 61000-3-3 is applied. IEC 61000-3-11 coyers
conpections of all equipment with input currents up to 75 A per phase and is mainly intenlded
to apply for low impedance conneetions having a high short circuit current capability.

The| flicker level, expressed jas Pg; (short-term flicker indicator) and measured at the supply
terminals of the installation containing DG units which do not export power to a public supply
network, should not exeeed Pg; = 1,0 under normal load conditions.

When DG equipment exports power to a public supply network, the Ps; emissions of the DG,
megsured at,the' supply terminals of the installation, should not exceed Ps = 0,5 when
measured uhder normal load and steady state conditions of the public supply, that is when no
flicker contribution from the public supply is present. The contribution to P and [nyax
(makimum relative voltage change) are the most important parameters when DG equipment
exppris/power to a public supply network as they indicate the amount of disturbance on quch
a public supply network.

IEC 61000-4-15 specifies how to assess for Py, Py (long-term flicker indicator), dnax and d.
(relative steady-state voltage change) and provides detailed specifications for the evaluation
of these directly measured parameters.

Voltage changes are generally associated with the energizing, switching and disconnection of
DG equipment and are expressed as a percentage of the steady state supply voltage
immediately prior to each type of voltage change event. These voltage fluctuations are linked
to the size of the equipment.
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Voltage change limits, particularly the parameters d., d(z) (relative voltage change
characteristics) and d.x as specified in IEC 61000-3-3 can be applied to DG equipment
operation.

IEC 61000-3-3 establishes a maximum rapid voltage change limit of 4 % without further
conditions, but permits 6 % for voltage changes caused by manual switching or automatic
switching, provided the latter has a delayed re-start, as for many DG installations.
IEC 61000-3-3 allows voltage fluctuations of up to 7 % for equipment that is attended whilst in
use, or switched no more than twice per day. This 7 % limit therefore only applies in
exceptional cases as far as DG equipment is concerned.

For|information, IEC 61000-2-2 specifies a compatibility level of 3 % for the individual ,volfage
varigtions.

Spefcific recommendations are not provided in IEEE standards or guides, 'but indivigual
utilifies in USA usually have their own rapid voltage change guidelines in the range 4 % to
7 %

7.4.2 Flicker test conditions for DG equipment exporting powerto the public suppl:y
nt, is

Thig test is made to assure that the flicker contribution, as caused by the DG equipme
limiled to acceptable levels.

Configure the DG equipment as shown in Figure 1, with the IEC 60725 Reference Impedgnce
(Z:ef) OF the Ziest (for higher power units) in-line. Set thé,simulated public supply to the noninal
voltage level and verify that it meets the requirements specified in IEC 61000-3-3, 6.3, which
are [reported below (for a 50 Hz system).

The test voltage shall be maintained within + 2 % of the nominal value.

The frequency shall be 50 Hz + 0,5 %.

The percentage total harmonic distortion of the supply voltage shall be less than 3 %.
Fluctuations of the test supply voltage during a test may be neglected if the Pt value
is less than 0,4. This condition’shall be verified before and after each test.

Perform a 10 min test, as in-6.5 of IEC 61000-3-3. The general test conditions given in 6.6 of
IEC|61000-3-3 apply, as.there are no specific DG test conditions specified in Annex A of|the
starjdard. The test conditions for the measurement of voltage fluctuations and flicker are glven
belgw.

Faer-equipment not mentioned in Annex A, controls or automatic programs shall be set
to) produce the most unfavorable sequence of voltage changes, using only those
combinations of controls and programs which are mentioned by the manufacturer in
the mstruction manuat, or are otherwise ffkety to be used:

For automatic DG operation, apply the dna.x limit of 4 %, and for manually controlled DG
equipment, a dnax limit of 6 % is acceptable.

The P reading with the DG active and exporting power to the public supply should not
increase by more than 0,5 compared to the level that is present before the DG equipment is
connected and activated. For the other parameters, the limits are as specified in
IEC 61000-3-3.
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In addition, it is suggested to evaluate flicker during normal operation (with and without
chopper/booster running) but also at derating (fold-back) due to, for example, too high AC or
DC power or current.

7.5 DC injection

The injection of DC current by distributed generators into distribution networks has received
increasing attention due to the importance of inverter based generators. Therefore the
possibility that a DC-component (offset) on voltage or current will appear and flow into the
grid has to be considered.

DC |injection may result from the circuit design (e.g. asymmetry due to the dispersion of
conlponents’ characteristics) or DC offset may arise from an internal fault. Different conce¢rns
are [related to the injection of DC current into the AC network, some of them are described in
IEC|{61000-2-2.

DC |injection can be measured using the test set up for harmonic emission assessment
specified in 7.2.4 and 7.2.5.

At the current time there are no worldwide or IEC limits defined fenh.DC current injection (see
Table 1). For the USA, IEEE 1547 [5] specifies 0,5 % maximum“of the DG rated current. This
spegification applies also in many countries outside North America. Several other counfries
permit 1 % of rated current or absolute levels, varying from@_to 1 A, while the limit in the] UK
is 0|25% of the rated current per phase.

It should be noted that the above values such as 0;5_% represent a small portion of the fotal
load of the distribution transformer. Moreover, multiple DG units may compensate any|DC
injection from each other.

Labpratory tests [6] have shown that ‘inverters do not seem to produce relevant |DC
components, even in presence of eventharmonics in the voltage. Levels lower than 100[mA
have been measured for most of the’ tested inverters and, except for a few cases,|the
pregsence of relatively high levels-of even voltage harmonics did not have any noticeable
effect on the DC component level.

In those European countries 'where EN 50438 [7] is law, systems which inject DC into|the
network by construction "are prohibited, with the aim to lead to a minimal impact on|the
network. This requiremient implies that, for inverter based systems, only symmetrical contrpl is
permitted, while systems which inject DC current by design (e.g. half wave operation) are| not
permitted.

Such requifement can be fulfilled with reasonable effort for a broad range of technolodies.
Another,possible solution is the use of an isolation transformer, which guarantees a |null
emigsion-of DC components to the distribution network.

7.6  Short duration over voltages
7.6.1 General

Short duration over voltages lasting from 8 ms to several hundred milliseconds have been
observed when the network part, having the DG equipment, is disconnected from the rest of
the network. Equipment operating in parallel to the DG equipment can be negatively impacted
by these over voltages and therefore the maximum levels of the over voltages should be
limited.

Two events typically occur when the DG equipment disconnects itself from the public supply.

In particular it can happen that:
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e DG equipment operates either supplying power to the public supply, or supplying only part
of a heavier load. In this case the DG generally disconnects fast, as illustrated in Figure 2.

e DG output level is equal to the load level. In this case the disconnect process may take
longer, often in the order of several hundred milliseconds, as shown in Figure 3.

Caupling

B Lirnit
Off
T00rHz

CH4

Coupling
E% Lirnit
100kHz

Figure 3 — Over voltages produced during DG
slow disconnection (greater than 10 ms)

In the IEC61000-2-14 effects of over voltages on lamps and ITE equipment are considefed.
Concerning ITE, the so called CBEMA curve (Figure 4) is generally applied, which descr{bes
an ACJdnput voltage envelope which typically can be tolerated (no interruption in function)) by

mostinformation Technotogy Equipment (tTE)-
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Figure 4 — CBEMA curve (IEC 61000-2-14)

Short duration over-voltages are defined as lasting less, than 2 cycles of the fundamental
(40 |ms at 50Hz). Longer duration over-voltages are those(lasting in excess of 2 cycles.

Mogt consumer electrical products can withstand short duration over voltages, such as alone
or tyvo cycle event, up to 20 % of the rated voltage. The public supply can have a steady sftate
conglition that is 10 % over nominal voltage under normal operating conditions.

To fecord the over voltages produced during DG disconnection, there are two maxima that
shopld be measured. One is the.rmm.s. value and the other one is a peak volfage
megsurement.

At present no over voltage limits are defined for DG when it disconnects from the pyblic
supply and the following precedures just cover how to record such over voltages.

A cpndition where the-connected load is approximately identical to the DG output pdwer
capability should also/be considered. In this case, the disconnect process will generally be
slightly longer and’ may take several hundred milliseconds. As a result of the lomger
disqonnection .time, the over voltage may be present for a slightly longer duration|as
conmpared to-the condition where the DG delivers power back to the public supply [and
disgonnects very rapidly if the supply voltage exceeds tolerances.

7.6.2 Short duration over voltage test procedure

7.6.2.1 General

Connect the DG to the simulated public supply as in Figure 1 with a load as specified below,
and follow the procedure for durations < 2 cycles and > 2 cycles.

7.6.2.2 Over voltage test for durations less than 2 cycles

Apply a load that is between 25 % — 50 % of the available DG output power. After the DG
operates in a stable manner, disconnect the public supply, while recording the voltage
waveform. This voltage recording can be done with an oscilloscope and appropriate voltage
probes as shown in Figures 2 and 3, or may be accomplished with test equipment as in
IEC 61000-4-30 provided that the sampling rate is at least 100 x the fundamental frequency of
the public supply.
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7.6.

2.3 Over voltage test for durations exceeding 2 cycles

Apply a load that is 100 % + 2 % of the available DG output power. After the DG operates in a
stable manner, disconnect the public supply, while recording the voltage waveform. This
voltage recording can be done with an oscilloscope and appropriate voltage probes as shown
in Figures 2 and 3, or may be accomplished with test equipment per IEC 61000-4-30,
provided that the sampling rate is at least 100 x the fundamental frequency of the public

supply.

7.7
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Figure 5 — Distortion due to high power PV inverter

8 |Immunity

8.1 —General

Appropriate and applicable requirements concerning immunity as well as testing procedures
are essential to guarantee reliable and compatible operations among pieces of equipment
connected to networks with high penetration of distributed generators.

Minimum requirements should regard the behaviour of generators during network
disturbances taking into account generation technology issues and the capacity of the
installation. In this context, the low voltage ride through capability or the voltage support
during disturbances become important issues.

Voltage dips and short interruptions are widely considered to be the most serious and
frequent power quality disturbances due to their effect on consumer equipment and sensitive
processes.
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Note that the existing standards specifying the anti-islanding requirements may, in fact, inhibit
the low voltage ride through capability of DG equipment. These anti-islanding requirements do
not really cover the short duration dips/interrupts, lasting from just a few milliseconds to say
40 ms — 50 ms. The requirements in place in various states generally state that the inverter

sha

Il disconnect within times ranging from 200 ms to 2 s.

Hence, it is recommended that the anti-islanding specifications are better coordinated, so that
very short voltage fluctuations lasting from 1 cycle to 5 cycles can be accommodated without
the DG equipment disconnecting from the public supply. This would in fact improve power

qua

For

critgria are proposed:

lity in those cases where dips/interrupts last less than 100 ms.

the immunity tests covered by this Technical Report, the following general acceptd

nce

A: generator continues to operate as intended in the specified operating range

intervention

B: generator stops generating (disconnection) but recovers.without external

e [C: generator stops generating (disconnection); an external intervention is
necessary, if specified
e |D: generator is damaged, loss of function, not recovérable
8.2| Voltage dips and short interruptions
8.2/ General
Exigting standards for testing voltage dip_dmmunity focus primarily on verifying minimum
immunity requirements for equipment respense to voltage dips.
IEC[61000-4-11 applies to equipment below 16 A and IEC 61000-4-34 is for equipment with
currient levels above 16 A per phase.
For|semiconductor industry-equipment, SEMI F47 [8] standard is applied. Preferred test leyels

are

as illustrated in Figure 6.[9], and test characteristics are defined by standards.
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Figure 6 — Voltage dips and short interruption test levels from different standardg

Figure 6 shows, as an example, the IEC 61000-4-34 preferred test levels (applicabl¢ to
equjpment with current greater than 16 A), related to"Class 3 environment (industrial PCC of
the |unit under test) and based on IEC 61000-2-8. Similar trend are in IEC 61000-4-11 |(for
< 16 A). For equipment connected to the publicihetwork, Class level 2 applies and less seyere
test| levels are requested, compared with-those illustrated in Figure 6. The definition of
envlronmental classes is given in IEC 61000-2-4.

For| distributed generators, immunity" requirements should be coordinated with protegtion
reqmirements for the maximumCtripping time with a given under-voltage. Protedtion
reqyirements defined by DSO have to prevent islanding and to assure the correct operation of
the |short circuit protection.In-Figure 7 [10] three types of voltage-tolerance curves for|the
immunity requirements are’ plotted together: protection requirement for grid interface
reqmested by operators;_immunity performance of the generator and immunity requirement
reqlested by standards.
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Figure 7 — Voltage tolerance curves for DG immunity requirements

Invgrters are generally requested to disconnect in casg™of voltage disturbances. This is
mandatory in LV grids for large systems with synchronous generators. The invarter
disgonnection time shall be shorter than the reclosure fime of the grid after a fault.

Table 8 [11] illustrates the voltage window in<which inverters are allowed to feed in|the
varipus countries. The last column shows the time within which disconnection is required.
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Table 8 — Protection requirements for PV inverters under voltage disturbances

Country Max AC Voltage Min AC Voltage Disconnection time
Austria 253V 195V 0,2s
Belgium 253V <195V 0,2 s; up to 1,5 (< 10 kW)
0,2s
U>265V
Denmark U<207V 40 s
U>253V
10 s
30sto60s>244 V;
Finland >244 V 207 V 0.05sat253V
2sto10s at207V
France 264 V 195V 0,1s
Germany 253V 195V 0,2s
Greece 264 V 184 V 0,5s
Italy 276 V 184 V 0,1sat276 V;'0;2 s at 184 V
Korea (Rep. of) 264 V 194 V 0{16sto2s
Mexico 126 V 108 V 0,16sto2s
Netherlands 244V 207 V 0,1
60s>253V;0,2sat276V
Norway 253V <207V
60 s <207V
Portugal 264 V 195 V. 0,1-1s
stage 1: 255V stage1: 196 V stage 1: 1,5s
Slovenia
stage 2: 265V stage’2: 161V stage 2: 0,2 s
Spain 253V 195V 0,5s
60 s >244V;0,2s at 276 V
Sweden > 244V <207V
60s<207V;0,2sat184V
Switzerland 253V 195V 0,2s
stage 1: 253 V 209 V 1sat253V;25sat209V
UK
sfage 2: 264 V 192V 0,5
Australia 270 V 200V 2s
Japan 120 V 80V 0,5sto2s
> 164 V <60V 33ms/0,1s
USA
164 >V > 132 60 <V <105,6 2s

Tabje.8/6hows that protection requirements vary substantially from country to country.

For example, in Austria, Germany and Denmark, voltages at the equipment terminal lower
than 85 % or greater than 110 % of the nominal voltage shall cause a switch off within
200 ms, while in Greece and Spain longer times are permitted. Some other countries require
times as short as 100 ms. This means that the “forbidden domain” of the voltage tolerance
characteristic strongly depends on the country in which the DG is operated.

Irrespective of the varying tolerances, once generators are disconnected, they should not be
damaged by auto-reclosure. This means that DG units need to trip before the auto-reclosure
takes place, and should then reconnect as soon as possible.

It is also observed, that there is an undefined state, of at least 100 ms (France, The
Netherlands) where there is no specified behaviour that the DG should adhere to. In other
words, some DG equipment may “ride-through” for a few cycles while other manufacturers
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may decide that the equipment shall shut down within one cycle or so, as illustrated in
Figures 2 and 3.

Taking into account the limits required by protection requirements, DG immunity tests to
voltage dips and short interruptions are proposed. To perform voltage dips and short
interruption tests, a grid simulation, similar to the test setup illustrated in Figure 1, is
suggested. The simulated public supply is then programmed to act as voltage dip generator.
In addition, the immunity to grid impedance should also be tested, meaning that the inverter
should be capable of operating without problems under different grid impedances. For that
purpose, the dip/interrupt test can be conducted with the IEC 60725 Reference Impedance —
or the Z. for higher currents — in the bypass mode, followed by the impedance being in-line.

In gddition to the dip/interrupt of the public supply (AC voltage) it will also be necéssary to
vary the DC voltage to the DG equipment where this applies. In the particular.’ case ¢f a
photovoltaic inverter, a photovoltaic array simulator (or real solar panels) is recommended as
power supply for the equipment under test. The dip generator has to produce voltage dips
with defined magnitude, duration, point of wave of initiation and phase angle\jump.

Tests should be carried out in different operation conditions of the gquipment under tesi, at
diffgrent power levels, such as simulating operation during a cloudy~or sunny day for splar
sysfems: accurate acquisition of the behaviour of the equipment.under test should therefore
include the DC voltages and currents, and any malfunction shaqtld be documented.

The| tests should be repeated three times for each level. J. between the dip levels by a glven
per¢entage, the unit is allowed to stabilize for 10 s (indicated by the “gap”) while the waliting
timg between successive steps in the test is indicated)by the “delay”. This not only allows|the
unit|to re-establish nominal operation, but also facilitates the easier identification of any step
that|causes the DG to disconnect from the public.supply.

Twq different tests are suggested:

e & short dip/interrupt, shorter than-100 ms: for this test several of the test patterns der|ved
rom IEC 61000-4-11 (see Figure~8) may be applied;

e 2 longer dip/interrupt: for this test the AC voltage should be slowly decreased (each step
bbout 2 % of the nomindlvoltage) and tripping voltage/disconnection time should be
recorded. As shown in_Figure 9, a possible test pattern is proposed where the pyblic
supply is reduced to.the remaining voltage level for 10 cycles (200 ms) and then returns to
hominal for 5 s, folltewed by 2 more “dips” to the same level. Upon completion the D5 is
permitted to stabilize for some time (5 s in the example) and then the next step with a2 %
ower voltage.is-eéxecuted. While the test pattern is executed, the DG output is monitofred,
and the instant where the DG output current disappears (reduces to zero) is |the
Hisconnect\ point. By charting the above test results, a voltage dip tolerance curvg is
bbtained:

The| valtage dip tolerance curve may be used as a specification for a DG minimum rjide-

thr uyh uapabi“ty.

Generally, mains monitoring for anti-islanding protection requires that DG equipment
disconnects if the voltage falls below specified levels. For example, one specification states:
“voltages at the equipment terminal lower than 80 % or greater that 115 % of the nominal
voltage shall cause a switch off within 200 ms”. This can be understood by the inverter
manufacturer as a requirement to either instantaneously disconnect the DG or implement a
delayed trip (of 200 ms). Many inverters also have the capability to program delays and trip
levels, and these can be selected to obtain optimum operational characteristics for the
installation at hand.
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Remaining voltage 7 (cycles) Start phase Repeat Gap(s) Delay(s)
(% Unom)
1 70 1,00 0,00 3 10 5
2 70 2,00 0,00 3 10 5
& 70 5,00 0,00 3 10 5
4 40 1,00 0,00 3 10 5
5 40 2,00 0,00 3 10 5
6 40 5,00 0,00 3 10 5
7 U 00U 0,00 ) O o)
8 0 2,00 0,00 3 10 5
9 0 5,00 0,00 3 10 5
10 5
IEC 1874/11

© o0 N o a @ w N

10
11
12

Remaining voltage

% Unom
100
98
96
94
92
90
88
86
84
82
80

Ts (cycles)

10,0
10,0
10,0
10,0
10,0
10,0
10,0
10,0
10,0
10,0
10,0

Start phase

0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,00

Repeat

N N N N N DN N N N N M

Gap(s)

a o o o o o g aa o a o,

Figure 8 — DG immunity test for short dips/interruptions: an-example

Delay(s)

a o o o o o g O o a O,

IEC 1875/11

Figure 9 — Test pattern for a DG voltage dip tolerance curve

8.2.2 Short duration voltage dips test procedure

Connect the DG to the simulated public supply as illustrated in Figure 1. Apply a loa

50 % + 10 % of the available DG output power.

of

After the system is stable, execute the test as in Figure 8, and record the DG output current to

the load and the DG output voltage (see 7.6).

Document the operating characteristics of the DG, identifying the “ride-through” capability,
and the point at which the DG disconnects.

If the DG rides through the longest dips, lasting 5 cycles, increase the interrupt time in 1 cycle
increments to identify at which point the DG does disconnect.

Test should be repeated at 50 % and 100 % DC power input level to solar inverters.
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8.2.3 Longer duration voltage dips test procedure

Connect the DG to the simulated public supply as illustrated in Figure 1. Apply a load of
50 % + 10 % of the available DG output power.

After the system is stable, execute the test as shown in Figure 9, and record the DG output

curr

ent to the load.

Document the operating characteristics of the DG, identifying the voltage value at which the
DG disconnects. It may be required to increase the “dip” period to 20 cycles for DG equipment

that
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[ should be repeated at 50 % and 100 % DC power input level to solar inverters,

Frequency variations

ublic supply systems there is normally a power reserve in order to mainfain the freque

h setat+ 1 %.

ever, in the event of major incidents in the transmission system, if frequency decrea
eneration shall be maintained as much as possible to avoid a network collapse. On

pssary to balance load and generation.

operation of PV systems under frequency disturbances, the varying requirements

illugtrated in Table 9 [12].

Within the normal tolerances, the main effegi¢of a change in power frequency is on the sp|

of r
deli

load.

Pow

Any|
affe

ptation machines. Hence, mains electrical clocks will lose or gain time and motors
ber more or less power, the change ‘depending on the speed/torque relationship of

er frequency variation may have a de-tuning effect on harmonic filters.

electronic equipment using the power supply frequency as a time reference will alsg
cted.

ncy

in the declared tolerance band, which varies between various regions-in the world, buit is

5es,
the

rary, if frequency increases beyond 2 %, automatic\’disconnection of generation is

are

eed
will
the

be
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Table 9 — Protection requirements for PV inverters

under frequency disturbances

TR 61000-3-15 © IEC:2011(E)

Maximum Minimum . . .
Country Disconnection time
frequency frequency
Australia 52 Hz 48 Hz 2s
Austria 50,2 Hz 49,8 Hz 0,2s
Denmark 53 Hz 47 Hz 0,2s
Germany 50,2 Hz 49,8 Hz 0,2s
Greece 00,5 Hz 49,5 Hz 0,98
Italy 50,3 Hz 49,7 Hz 0,1s
Japan (60 Hz) 51,5 (61,8) Hz 48,5 (58,2) Hz 0,5-2s
Korea (Rep. of) 60,3 Hz 59,7 Hz 0,5s
Continuous operation
Malaysia 52 Hz 47 Hz
10 s (worst case)
Mexico 69.48 Hz 59,52 Hz 0,1~2s
The Netherlands 52 Hz 48 Hz 2s
Portugal 50,25 Hz 49,75 Hz 0,1s
Slovenia 51 Hz 47 Hz 0,2s
Switzerland 50,2 Hz 49,8 Hz 0,2s
90 s at 51,5 Hz;
stage 1: 51.5 47-5
UK 20 s at 47,5Hz
stage 2: 52 Hz 47 Hz
0,5s
0,1s
USA 60,5 Hz 59,3 Hz
power < 30 kW (IEEE 1547)

To fest the immunity against power frequency variations of DG equipment connected to 5(

or g
may

Alth
prin

The|
of t
recq

0 Hz network with rated_line current up to 75 A per phase, the standard IEC 61000-4
be applied.

ough the scope of IEC 61000-4-28 includes equipment up to 16 A per phase, the
ciples can be used for higher power DG equipment up to 75 A per phase as well.

test shoudld-be performed at nominal mains voltage in representative operational mdg
he equipment under test. For each test, any degradation of the performance shoulg
rdeg-

Hz
}-28

test

des
be

m
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rents

starting at 50,3 Hz. Generally, DG equipment shall be able to handle a variation of at least
+ 0,5 Hz, so starting at 50,3 Hz includes normal operation.

The test should be conducted in steps of 0,2 % of nominal frequency (or 0,1 Hz absolute), in a
range that varies from country to country, but could be as wide as + 6 %. Tripping frequencies

and

the disconnection time delay should be recorded.

To identify the status of the inverter during immunity tests, the general acceptance criteria
proposed in 8.1 are applicable.
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8.4
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Frequency steps in 0,1 Hz steps starting at 50,3 Hz

Type Time (s) Voltage Frequency Repeat Waveform
1 Freq. step 0,200 50,30 0 Sinewave
2 Freq. step 0,200 50,40 0 Sinewave
3 Freq. step 0,200 50,50 0 Sinewave
4 Freq. step 0,200 50,60 0 Sinewave
5 Freq. step 0,200 50,70 0 Sinewave
6 Fregqstep 07200 50780 9] Strrewave
7 Freq. step 0,200 50,90 0 Sinewave
8 Freq. step 0,200 51,00 0 Sinewave

IEC 1876/11

Figure 10 — DG frequency variation (increment) immunity test: ancexample

Harmonics and interharmonics

increasing presence of harmonics and interharmonics superimposed on the grid volf
Lild be taken into account in order to guarantee that generators and DG equipment
inue to work properly.

ase of photovoltaic based inverters, they can besparticularly sensitive to harmonic

nmon disturbances are identified in more detail in IEC 61000-4-13, but they include m
aling signals used for tariff and distribgtion equipment switching (by the utilities) as
armonics and inter-harmonics caused by controlled rectifiers and various user equipm

Disfributed generators should be able to withstand these common disturbances without f
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of the grid interface protection, over-current protection, or loss of output power an
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rder to test the immunity for harmonics and interharmonics on equipment connecte
iz or 60 Hz netwerk with rated line current up to 75 A per phase, the stang
61000-4-13 may.be applied.

ough the scope of IEC 61000-4-13 covers equipment up to 16 A per phase, the s
ciples apply for higher power DG equipment, as the equipment is subjected to the s
prtion<ofithe public supply.

age
can

and

rharmonic disturbances that may affect the current-control and output power conversgion.
(inter) harmonic frequencies may also affect internal protection and monitoring circuitd.
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(AC power source) is programmed to generate the harmonic and interharmonic voltage
disturbances as specified in IEC 61000-4-13 and the following tests can be performed.

e Combined harmonic waveforms (flat-curve and over-swing curve): see 8.2.1

IEC 61000-4-13.

e Individual harmonics/interharmonics with predefined sequence of test levels: see 5.1
5.2, and 8.2.3 of IEC 61000-4-13.

e Sweep in frequencies: see 8.2.2 of IEC 61000-4-13.
o Meister curve test: see 8.2.4 of IEC 61000-4-13.

Tab

le 10 illustrates the test levels for non-triplen and triplen odd harmonics (h).

of

and
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