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INTERNATIONAL ELECTROTECHNICAL COMMISSION

UHV AC TRANSMISSION SYSTEMS -

Part 100: General information

FOREWORD

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.

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.

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 Jcannot be held responsible for the way/ in \which/they are used or for any
misinterpretation by any end user.

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.

IEC itself does not provide any-attestation“of'cohformity. “Independent certification bodies provide conformity
assessment services and, in some3aréasyaccess toclEC marks- ofi(conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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.

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.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected a
different kind of data from that which is normally published as an International Standard, for
example “state of the art”.

The technical report IEC 63042-100 was prepared by IEC Technical Committee 122: UHV AC
transmission systems.

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

Enquiry draft Report on voting
122/29/DTR 122/31A/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.
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This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 63042 series, published under the general title UHV AC
transmission systems, can be found on the IEC website.

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

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e withdrawn,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

e amended.

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

UHV AC transmission systems are capable of transmitting large amounts of electric power.
However, if a failure occurs in a UHV AC system, the system influence can be severe from the
viewpoints of reliability and overall security of the supply of the power system. Most UHV AC
substations are located far from city areas, with large equipment in size and mass installed.
Equipment is transported over long distances from where it is manufactured and tested to
where it is installed and commissioned. Also, the installation time of equipment is generally
longer compared with lower voltage classes. For UHV AC transmission lines, the design of
insulation is an important aspect due to non-linearity effect.

Therefore, securing the reliability, availability, and environmental aspects are crucial issues.
Standards and/or applications guidance, as relevant, in the following aspects of UHV AC
transmission systems exceeding 800 kV are necessary:

a) planning (guidance);

b) design;

c) technical requirements (exclusively systems-related);

d) construction;

e) commissioning;

f) reliability;

g) availability (continujty of power supply, % availability);

h) operation;

i) maintenance.

This document describes both specific issues to UHV AC transmission systems and common

issues of UHV AC and lower voltage transmission systems because it is very easy to
understand UHV AC transmission systems’as ‘a whole.

In this Technical Report, minimum items or requirements for the standards and guidelines for
each step of UHV AC transmission systems are described.
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UHV AC TRANSMISSION SYSTEMS -

Part 100: General information

1 Scope

This part of IEC 63042, which is a Technical Report, specifies the reference for the standards
and guidelines for UHV AC transmission systems. This document provides an overview of
these standards as well as guidelines.

This document is developed to clarify standardization items and/or guideline items for UHV
AC transmission systems. It describes the items to be considered for each stage of planning,
design, construction, commissioning, operation, and maintenance during the development of
IEC publications for UHV AC transmission systems.

NOTE Based on this IEC/TR 63042-100, TC 122 will prepare the standards and guidelines for UHV AC
transmission systems, but it is not limited by the framework of the TR. A systematic approach is necessary for the
preparation of systems-oriented specifications such as those for planning, design, technical requirements,
construction, commissioning, reliability, availability, operation, and maintenance.

2 Normative references

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

IEC 60038, IEC standard voltages

IEC 60071-1, Insulation co-ordination — Part 1: Definitions, principles and rules

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

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

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

3.1
UHV AC
the highest voltage of the AC transmission system exceeding 800 kV

Note 1 to entry: UHV stands for Ultra High Voltage.
4 Planning

4.1 General

Large scale power sources have been developed. It is important to transmit the electric power
efficiently from these power sources to consumption areas. Moreover, the network
enhancement might decrease the system stability and worsen fault current problems. To



IEC TR 63042-100:2016 © IEC 2016 -9-

prevent such problems in existing high voltage transmission systems, multiple transmission
lines and switchyards might be necessary due to the shortage of transmission
capacity/improvement of the system stability. As a result, large facility investment will be
required and inference of transmission losses will be considerable.

To solve the above-mentioned problems, the UHV AC transmission system was developed,
which can transmit a large amount of electric power by minimum transmission lines effectively
and in a stable way.

For example, a UHV AC transmission line can transmit three or four times a larger quantity of
electric power than a 550 kV transmission line.

The UHV AC transmission system has many advantages such as:

— decrease of right of way (ROW);

— improvement of fault current condition and system stability;
— formulation of network with high reliability;

— increase of redundancy for the system enhancement;

— reduction of environmental impact.

Some countries have introduced a UHV AC system to their grid as follows:

a) Use Case 1

Case 1 had developed "UHV AC' transmission systems "in ‘the 1980s and started its
operation in 2009. UHV AC/transmission. systems were; selected to achieve energy bulk
transmission to distant areas to Serve'a large capacity economically and efficiently.

To improve the transmission capacity, series, capacitors are used. By using them, the
transmission capacity is increased from 3 000 MW to 5 000 MW.

b) Use Case 2

Case 2 has developed UHV AC transmission systems since 1973. The power transmission
capability in the power system is often constrained by power system stability because the
bulk power transmission is larger than the surge impedance loading (SIL).

Additionally, special schemes for system control are applied. Problematic contingencies
such as a permanent fault on both circuits of a double-circuit transmission line, or delays
in fault clearance for any reason, have a very small probability of occurrence, but have a
severe impact on the synchronous stability of a bulk power transmission system. Such
severe contingencies may result in a loss of synchronism and the subsequent cascading
outages. As a means of preventing such system-wide loss of synchronism, the following
emergency relaying schemes are employed in the bulk power transmission system:

— generator tripping relays for preventing loss of synchronism;
— load shedding relays for preventing overloading;
— generation tripping and/or load shedding relays for maintaining system frequency.

4.2 Security and stability

As a UHV AC transmission line has to transmit a large amount of power over a long distance,
a disturbance, such as a faulty event, may give significant influence to the whole system.
Therefore, the redundancy and stability for the network system should be considered from the
operational viewpoint.

4.3 Transmission systems

It should be determined whether the transmission system is UHV AC or UHV DC, considering
the benefit of the transmission system. In general, UHV AC is used in power grids.
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4.4 System voltage

In the case of an installation of the higher voltage class, “twice or three times as high as
existing voltage class” is generally selected due to efficiency and expandability. In addition, it
is important to consider future demands, power development plans, situation of the site of
power plants, and technological, economical, and environmental aspects.

It is especially desirable to choose an existing voltage level in IEC standard voltages,
considering the technological and economical aspects. Table 1 shows the highest voltage
defined in IEC 60038 standard.

Table 1 — AC three-phase systems having a highest voltage
for equipment exceeding 800 kV

Highest voltage for equipment
kV

1100
1200

In the process of transmission voltage determination, short circuit current, power flow, stability,
and voltage control with reactive power compensation are technically investigated confirming
the main specifications of the power transmission system. The cost is compared between
UHV and other voltage classes, where future system expansion is also considered.

4.5 Reliability and availability.

To form the network system, reliability is one of the most important key factors. Particularly,
for UHV, high reliability is required because)it-isoused to transmit electric power from an
important power sourge;and.it.is;useda@s a-main;transmission |system:

Until now, many field tests have been carried out and the reliability of each facility has been
sufficiently verified in the countries where UHV AC transmission systems are installed.

As for the operating facilities, various operation records are reported. One circuit fault of a
UHV AC transmission line is smaller than two circuit faults of a 550 kV transmission line. In
this regard, the UHV AC transmission system also shows high availability. The UHV AC
system has a developed technology to keep high reliability.

Table 2 shows the comparison of lightning fault between UHV and 550 kV systems.

Table 2 — Comparison of lightning fault between UHV and 550 kV systems

Unit: Number of fault/year/ 100 km

Svstem 550 kV UHV
y double circuits double circuits
One circuit failure @ 0,013 Less than 0,001
Two circuit failure P 0,005 Less than 0,001

Estimated by the single-phase re-closing:

2 3 lines to earth fault

b 4 lines to earth fault

Reference: this table is calculated by TEPCO Power Grid, Inc.
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