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HVDC Power Systems Sectional Committee, ETD 40 

NATIONAL FOREWORD 

This Indian Standard which is identical to IEC TS 63471 : 2023 ‘DC voltages for HVDC grids’ issued by 
the International Electrotechnical Commission (IEC) was adopted by the Bureau of Indian Standards 
on the recommendation of the HVDC Power Systems Sectional Committee and approval of the 
Electrotechnical Division Council.  

The text of the IEC standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words ‘International Standard’ appears referring to this standard, they should
be read as ‘Indian Standard’; and

b) Comma (,) has been used as a decimal marker, while in Indian Standards the current
practice is to use a point (.) as the decimal marker.

Only English language text has been retained while adopting it in this Indian Standard, and as such the 
page numbers given here are not the same as in the International Standard. 

For the purpose of deciding whether a particular requirement of this standard is complied with, the final 
value, observed or calculated expressing the result of a test, shall be rounded off in accordance with 

IS 2 : 2022 ‘Rules for rounding off numerical values (second revision)’. The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 
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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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Indian Standard 

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. 
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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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