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INTERNATIONAL ELECTROTECHNICAL COMMISSION

Performance of power electronic reactive power shunt compensators in
high voltage alternating current (HVAC) systems

FOREWORD

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

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

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

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

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

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

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

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

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

IEC TR 65535 has been prepared by subcommittee 22F: Power electronics for electrical
transmission and distribution systems, of IEC technical committee 22: Power electronic systems
and equipment. It is a Technical Report.

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

Draft Report on voting

22F/823/DTR 22F/829/RVDTR

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 Report 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.

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

— reconfirmed,
— withdrawn, or

— revised.
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1 Scope

This document provides general guidelines on the performance of power electronic reactive
power shunt compensators in high voltage alternating current systems. It includes terms,
definitions, symbols and abbreviated terms, introduction, applications and performance.

2 Normative references

There are no normative references in this document.

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

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

— |EC Electropedia: available at https://www.electropedia.org/
— 1SO Online browsing platform: available at https://www.iso.org/obp

3.1

point of common coupling

PCC

point of a power supply network, electrically nearest to a particular load, at which other loads
are, or may be, connected

[SOURCE: IEC 60050-614:2016, 614-01-12, modified — "in an electric power system" replaced
with "of a power supply network", Note 1 to entry removed]

3.2

voltage-sourced converter

VSC

electronic AC/DC converter having an essentially smooth DC voltage provided by e.g. a
common DC link capacitor or distributed DC capacitors within the converter arms

[SOURCE: IEC 62747:2014, 5.3]

3.3

static synchronous compensator

STATCOM

shunt connected reactive compensation equipment which is capable of generating and/or
absorbing reactive power based on voltage sourced converter (VSC), whose capacitive or
inductive output current can be controlled independently of the AC system voltage

[SOURCE: IEC 62927:2017, 3.4.1, modified — "based on voltage sourced converter (VSC)"
added, Note 1 to entry removed]

3.4

step response time

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

[SOURCE: IEC 60050-351:2013, 351-45-36]
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3.5

settling time

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

[SOURCE: IEC 60050-351:2013, 351-45-37]

3.6

slope

percentage of the voltage change to the current change at the defined controlled range of the
shunt connected reactive compensation equipment counting

4 Overview of reactive power shunt compensators

Power electronic reactive power shunt compensators are applied to solve a variety of problems,
namely, to achieve effective voltage control, to provide/absorb reactive power, to eliminate
high-order current harmonics, and to balance electrical loads. Several types of power electronic
reactive power shunt compensators are available. Examples of the application of power
electronic reactive power shunt compensators are given in Annex A.

Static var compensators (SVC) can output reactive power continuously and rapidly, and
thyristors are the main power switches used in SVC. SVC branches come in four types: thyristor
controlled reactors (TCR), thyristor switched capacitors (TSC), thyristor switched reactors (TSR)
and filters. A single SVC system typically includes at least two types of these branches (see
Figure 1).

High voltage busbar

Step-down transformer @

System voltage busbar

x Valves K3
‘Fj I— C
TCR/TSR branch TSC branch FC branch

IEC
Figure 1 — Example configuration of an SVC

STATCOM can adjust the consumption or absorption of reactive power faster than SVC,
because the semiconductor device used as the main switch is fully controllable, in contrast to
a thyristor (see Figure 2).
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High voltage busbar

Step-down
transformer

System voltage busbar

Z

VSC IEC

Figure 2 — Example configuration of an STATCOM

Static var system is a type of hybrid dynamic reactive compensator with the combination of SVC
and STATCOM (see Figure 3).

High voltage busbar

Step-down transformer @

System voltage busbar

) v Y v

7~ Y Valves

R 1
)] .

STATCOM TCR/TSR TSC Filter ¢

- C

[

Figure 3 — A typical configuration example of static var system

5 Applications

5.1 General

The basic operating principle of shunt connected reactive power compensators is illustrated in
Figure 4. It consists of a power supply that provides current Isyp: @ reactive power compensator

that draws current i, , and a feeder for a load which draws current ij,,4. The primary purpose

of the reactive power compensator is to provide dynamic reactive support to help control the
voltage at the connection point, supply or absorb reactive power, eliminate high-order current
harmonics and balance three-phase loads.
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Isup Tload

o @D =

i
Transformer ¢ comp

POWER ELECTRONIC
REACTIVE POWER
SHUNT
COMPENSATORS

IEC

Figure 4 — A typical configuration example of shunt compensators
for integration of a power plant and industry plant

Power electronic reactive power shunt compensator with characteristics and controls can have
different utilization for different applications, as shown in 5.2, 5.3 and 5.4.

5.2 Power generation plant

Reactive power compensation equipment can either supply reactive power or absorb reactive

power. Power plants can be categorized into traditional and renewable energy types, and the

former are mainly based on synchronous generators electrically connected directly to the grid

and mechanically coupled to a prime mover (such as a steam, gas or hydro turbine), while the

latter are interfaced to the grid via power electronic converters. In power generation plants,

reactive power compensation equipment has several applications, such as:

— To facilitate integration of renewable generation;

— To improve fault recovery;

— To damp sub-synchronous oscillations;

— To regulate power factor, e.g. increase the power factor to fulfil the requirements of PCC
especially in the renewable energy scenario.

5.3 Transmission network

In the transmission network of power grids, reactive power compensation equipment is also
important for application such as:

— To achieve effective voltage control in steady state;

— To provide/absorb reactive power;

— To increase the active power transfer capacity of both existing and new transmission
systems;

— To increase transient stability margins;

— To increase dynamic reactive reserve margins;
— To improve fault recovery;

— To reduce temporary overvoltage;

— To increase transmission limits;

— To damp sub-synchronous oscillations;

— Toincrease damping of power oscillations;

NOTE 1 If the reactive power compensation equipment has the power oscillation damping (POD) function, it
would mitigate active power oscillations in a lower frequency to keep the transmission network stable.
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