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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
DC VOLTAGES FOR HVDC GRIDS 

 
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 TS 64571 has been prepared by IEC technical committee 115: High Voltage Direct Current 
(HVDC) transmission for DC voltages above 100 kV. It is a Technical Specification. 

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

Draft Report on voting 

115/343/DTS 115/358/RVDTS 

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

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

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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INTRODUCTION 

While high voltage direct current (HVDC) solutions for bulk power transmission have been 
developed and implemented commercially since 1954, recent years have seen a strong 
increase in the number of HVDC projects. There were about 80 commercial projects rated above 
50 kV in the five decades until the year 2000. Since then, the use of HVDC technology has 
rapidly grown to around 200 HVDC systems at the time of writing. This development was 
accompanied by increasing both the HVDC system voltage and current ratings. While in the 
20th century, almost all electrical transmission was performed in AC, at present, network 
planning activities all over the world are increasingly considering HVDC transmission the 
technology of choice. This is mainly driven by the response to the climate change and the 
political commitment, such as European Union’s Green Deal and others to reduce the carbon-
dioxide footprint of societies.  

HVDC power transmission, especially voltage-sourced converter (VSC) HVDC power 
transmission, provide feasible solutions for the large-scale integration of renewable generation, 
and electrification of platforms in offshore grids. HVDC systems strengthen the power systems 
by increasing their power transmission capacity, improving stability and controllability as well 
as enabling the integration of different electricity markets.   

VSC HVDC is put forward as the technology for a DC grid, as it supports multiterminal operation 
with fixed voltage polarity. The current flow direction in an VSC HVDC transmission line or cable 
can be easily changed by adjusting the voltage difference between two DC substations without 
polarity reversal. Utilisation of a standardised DC voltage is useful for DC side equipment 
manufacturing, DC grid design and operation.   

For many stand-alone HVDC projects with a DC voltage above 100 kV (not part of any grid), 
DC voltage is normally selected by optimising total cost of the project considering cost of initial 
capital investment and cost of losses over entire lifespan. Considering recommended DC 
voltage levels for HVDC grids could be very beneficial, for anyone planning HVDC projects, 
which might potentially become part of a future HVDC grid. However, whilst adopting such 
standardized DC voltages would facilitate future extensions towards HVDC grids, they would 
preclude the optimization of DC voltage levels in individual projects, thereby leading to 
potentially higher investment costs. Thus, the DC voltage series is not mandatory for the DC 
voltage selection of stand-alone (not forming part of DC Grid) HVDC projects, e.g. a point-to-
point HVDC power transmission and distribution system. 

Although this DC voltage series is preferable in the conversion of segments of AC grids to DC 
grids the selected DC voltage should take the ratings of transmission lines or cables into 
account and thus, should not been limited by levels of this DC voltage series.  

Over the last few decades, HVDC technology has matured, and significant work is being done 
towards development and maturing of the medium voltage DC (MVDC) technology. Modularity, 
easy compliance with standard voltage and power levels and feasibility of cost reduction 
indicate high potential for medium voltage DC systems. MVDC collection and distribution grids 
will be key for the grid integration of renewable energies and the connection of, for example, 
electrical vehicle charging infrastructure, energy storage systems, data centres, distribution for 
congested urban areas, city infeed and future smart homes. Interconnected MVDC systems can 
provide high efficiency, avoid overload conditions, limit short circuit currents, and improve 
overall system cost. Major cost savings can be realized in DC distribution systems because 
additional AC/DC conversion steps for home appliances with internal DC use can be eliminated 
and grid side power factor correction is not needed. In addition, the use of MVDC grids allows 
power flow control between multiple AC substations. This would enable more stable MVAC grids, 
increased utilization of the AC infrastructure, higher redundancy, and the support of existing 
weak AC grids. Considering the aspects summarized above the recommended DC voltage 
series includes medium DC voltage levels above 1,5 kV. Such medium DC voltage levels could 
also be considered for the design of the DC neutral, dedicated metallic return (DMR) of HVDC 
systems taking also other requirements such as the insulation levels into account. 

The work should be understood as an initial contribution for standardized DC voltages, to be 
further elaborated by the respective Technical Committees (e.g. TC 8).  
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DC VOLTAGES FOR HVDC GRIDS 
 
 
 

1 Scope 

This document provides a recommended DC voltage series for HVDC grids with a DC voltage 
above 1,5 kV. It concerns the selection of a nominal DC voltage of multi-terminal HVDC power 
transmission and distribution systems and meshed HVDC networks, grids, rather than a rated 
DC voltage or highest DC voltage.   

There is no stringent requirement to consider this DC voltage series for the DC voltage selection 
for any stand-alone (not forming part of DC Grid) HVDC projects, e.g. a point-to-point HVDC 
power transmission and distribution system. However, in order to facilitate the later progression 
towards larger HVDC systems in the future the use of standardized DC voltages is very useful. 
At later stages, with multi-terminal systems and meshed HVDC grids, the use of harmonized 
voltages will indeed become essential in order to optimize both capital and operational costs. 
Also, for entirely new projects, system planning should include this outlook and can benefit from 
the use of the recommended DC voltage series.  

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:  

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1  
HVDC grid 
high voltage direct current transmission and distribution network connecting more than two 
AC/DC converter stations transferring energy in the form of high voltage direct current, including 
related transmission lines, switching stations, DC/DC converter stations, if any, as well as other 
equipment and sub-systems needed for operation  

3.2  
nominal DC voltage 
value of DC voltage used to designate or identify a system or grid 

Note 1 to entry: In HVDC grids, the nominal DC voltage is defined as pole-to-earth or pole-to-neutral. The nominal 
value is generally a rounded value. 

3.3  
highest DC voltage  
highest value of DC voltage for which the equipment and system is designed to operate 
continuously, in respect of its insulation as well as other characteristics 

Note 1 to entry: Rated DC voltage is defined elsewhere for equipment design purposes. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C TS 63

47
1:2

02
3

https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=91d3377ed1c2519d28d6ea2e571750b2


IEC TS 63471:2023  IEC 2023 – 7 –   

4 Recommended DC voltages for HVDC grids 

The DC voltages for a DC grid with a DC voltage above 1,5 kV are recommended to be selected 
from the values in Table 1. 

Table 1 – Recommended nominal DC voltages for HVDC grids 
with a DC voltage above 1,5 kV 

Pole-to-earth voltage  

(kV) 

3 

6 

10 a 

20 

35 

50 

100 

160 a 

200 

250 

320 a 

400 

500 / 525 a 

600 

800 

1 100 b 

a Preferred values. 
b Economic feasibility of this voltage level needs to be 

evaluated. 
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