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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

___________ 

 
Low-voltage direct current (LVDC) industry applications 

 
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 SRD 63317 has been prepared by IEC systems committee LVDC: Low Voltage Direct 
Current and Low Voltage Direct Current for Electricity Access. It is a Systems Reference 
Deliverable. 

The text of this Systems Reference Deliverable is based on the following documents: 

Draft Report on voting 

SyCLVDC/174/DTS SyCLVDC/182/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 Systems Reference Deliverable 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 

The electrical distribution in industrial applications has a high number of motor drives and 
machinery with high peak power demand. More and more production sites integrate photovoltaic 
(PV) systems and battery storage systems. They reduce the peaks of infeed power which drive 
the price of electrical energy up. Furthermore, energy storage can be used to increase the 
availability of electrical energy supply and thus the security of supply within the system. Moving 
to DC distribution can help to overcome those challenges and is expected to provide new 
opportunities to increase efficiency. This can be achieved in low-voltage DC (LVDC) because 
there are lower conversion losses and a cost-effective bidirectional integration of motor drives 
and batteries is possible. LVDC is already used in many applications in industry, but not all 
parts are compatible with a LVDC system since they do not have standardized interfaces.  

This document harmonizes the system aspects of LVDC distribution systems in the application 
of industrial production. This document will enable factories to implement an open, vendor-
independent industrial LVDC system with renewable sources, electrical energy storage systems, 
bidirectional motor drives and other applications. It also defines necessary boundaries and 
interfaces for connected devices or subsystems. As a Systems Reference Deliverable, it is 
intended to harmonize between the different product standards of all involved technical 
committees.  

LVDC supports the following Sustainable Development Goals of the United Nations [1]1: 

– Goal 7: "Ensure access to affordable, reliable, sustainable and modern energy for all" 
DC grids enable industry to easily integrate solar energy and renewable energy into their 
production lines and makes the system more and more affordable. The DC nature of 
electrical energy storage systems such as batteries and capacitors simplifies the integration 
and increases the reliability of the factory grids. 

– Goal 8: "Promote sustained, inclusive and sustainable economic growth, full and productive 
employment and decent work for all" 

– Goal 9: "Build resilient infrastructure, promote inclusive and sustainable industrialization 
and foster innovation" 
Storage devices like batteries or capacitors help to bridge power outages. This makes 
production more robust and reduces waste from defective parts because of power failure. 

– Goal 11: "Make cities and human settlements inclusive, safe, resilient and sustainable" 
– Goal 12: "Ensure sustainable consumption and production patterns" 

DC systems need fewer resources; less copper, housing materials, electronic equipment, 
etc. Battery storage also reduces the in-feed power of the production line. This leads to 
lower investment for transformers and energy distribution within the factory, as well as 
reduced peak-power electricity rates. In AC the braking energy is dissipated in braking 
resistors while DC enables the reuse of otherwise wasted energy  by other devices.  

– Goal 17: "Partnership for the Goals". 

This document follows the IEC systems approach from the domain to the gap analysis and gives 
guidance by describing reference implementation. 

 

  

___________ 
1  Numbers in square brackets refer to the Bibliography. 
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1 Scope 

This document describes certain aspects of standardization of LVDC industrial applications.  

These industrial applications apply to the secondary economic sector where the processing of 
resources applies to the production, distribution and storage of physical goods, typically in a 
factory or similar areas. 

The local LVDC distribution can be connected to the public grid (AC or DC) or can work 
completely off-grid (intentional islanding).  

This document provides a practical guideline for the design and planning of industrial LVDC 
systems, aiming at interoperability amongst different devices. 

IEC use case descriptions of the described industry application are part of this document. 

NOTE This document is not intended for following applications: railway, ships, vehicles, aircraft, public distribution. 
But wherever possible and practicable, compatibility of product requirements is considered favourable. 

Included is equipment which is especially designed for and intended for use in industrial areas. 
This includes everything that is concerned with with the commercial extraction, processing and 
further processing of raw materials or intermediate products into material goods; in particular, 
machines, plants, storage facilities and transport systems. 

Not included is equipment which is especially designed for and intended for use in ordinary 
buildings: 

– supporting building equipment (e.g. lighting and HVAC) in buildings or parts of buildings in 
which machines, plants, storage equipment and transport systems are installed; 

– building equipment in buildings or parts of buildings in which supporting and administrative 
production functions are performed (e.g. offices). 

2 Normative references 

The following documents are referred to in the text in such 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 60364-4-41, Low-voltage electrical installations - Part 4-41: Protection for safety - 
Protection against electric shock 

IEC 60364-4-43, Low-voltage electrical installations - Part 4-43: Protection for safety - 
Protection against overcurrent 

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 
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3.1  
DC sector 
group of DC devices which together form a functional unit and are connected to the DC system 
via a sector breaker 

3.2  
DC sector circuit breaker 
single device or combination of devices containing the functionality of a conventional circuit 
breaker plus monitoring of the voltage bands and pre-charging of capacitive loads where 
required 

Note 1 to entry: Voltage bands are discussed in Annex A. 

3.3  
producer 
participant that provides electrical energy from an external energy source to the DC system for 
an unlimited period of time either by an external supply grid or generated by the conversion of 
a non-electric energy source (e.g. photovoltaic system) 

Note 1 to entry: If a source can feed back power, it is referred to as bidirectional. Producers that do not have that 
capability are referred to as unidirectional. 

3.4  
electrical energy storage system 
storage system that takes a limited amount of energy from the DC system and can return it 
completely to the DC system with a time delay, minus internal losses 

Note 1 to entry: Electrical energy storage systems serve the goals of consumption optimization as well as grid 
failure bridging. The input and output of electrical energy is controlled by the grid management as well as a storage 
management system. Electrical energy storage systems are always bidirectional. 

3.5  
consumer 
participant that uses electrical energy for a production process 

Note 1 to entry: Consumers draw energy from the DC system for an unlimited period of time. If the consumers are 
capable of feeding back energy, they are called prosumers (3.8) and can feed back part of the energy they have 
taken in. This energy output is usually much smaller than the amount of energy taken in. If the state of a consumer 
can be influenced directly or indirectly by the network management, it can be used for optimized operation 
management. 

3.6  
direct current system 
DC system 
electrical installation that uses direct current and "direct voltage" for the distribution of energy 

3.7  
systems approach 
guideline that provides a systematic approach with tools and methodologies for committees 
working on complex systems 

Note 1 to entry: The intent of the approach is to walk users through various stages of analysis to build a 
comprehensive understanding of the system, scope, and ultimately be able to identify gaps where standards are 
needed. 

Stage 1 – Domain Analysis: This initial stage is crucial in building an understanding of the mission, desired results, 
or objective that is driven by the market and stakeholders' needs. 

Stage 2 – System Architecting: The second stage extrapolates on the first with a purpose to build clarity on the 
system through general use cases and reference architectures. 

Stage 3 – Use Case Analysis: Stage three is focused primarily on developing detail understanding of use cases 
identified in Stage 2. Using the use case methodology in IEC 62559-2 [2], this stage provides guidelines and 
templates to collect and build thorough use cases. 
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Stage 4 – System Modelling: In the fourth stage, the Reference Architecture from Stage 2 is modelled in more detail 
based on the outputs gathered from the previous stages. Here the system discrete parts, interfaces, communication 
flow, environment factors, and such are modelled to help build a holistic perspective of the system. 

Stage 5 – Standards Analysis: In this stage, the focus is on understanding and mapping what relevant standards 
exist for all the various parts of the system and whether they are contributing or countering the objectives identified 
in Stage 1. These standards can include IEC standards and standards from other standards development 
organizations. 

Stage 6 – Gap Analysis: In the final stage, gaps where standards are missing are identified based on the knowledge 
of existing standards, desired system interaction, use cases and other information gathered from the previous stages. 
This will then initiate the activities for the committees to move forward with development of new standards. 

3.8  
prosumer 
network user that consumes and produces electrical energy 

[SOURCE: IEC 60050-616:2017, 616-02-16] 

4 State of the art  

4.1 Today's structures for power supply 
In industrial systems the three-phase AC power supply is most commonly used. Because of the 
trend towards energy-efficient, variable-speed electric drives for the control of asynchronous 
motors, frequency inverters with an intermediate DC circuit are increasingly used in systems. 
Here the electrical energy must always be converted from alternating voltage to direct voltage 
and from DC to the variable alternating frequency that controls the speed of the motors. In most 
cases, the rectifiers required for this are integrated directly in the frequency inverter.  

4.2 Auxiliary energy  

Auxiliary energy is needed for communication as well as for powering certain devices. A voltage 
of 24 V or 48 V DC is most common in industrial systems but other voltages are also used. 

Figure 1 shows some variants for the provision of auxiliary power. Variants 1 and 2 are supplied 
from the DC system directly, while variant 3 supplies power to a DC sector downstream of its 
protective device ("DC sector circuit breaker" in the image). A supply from the AC side, as 
shown as variant 4 in Figure 1 b), is also possible. 
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a) Variants 1, 2 and 3, powered by DC  b) Variant 4, powered by AC 

 

Figure 1 – Variants for auxiliary power supply [3] 

5 Domain description and analysis 

5.1 General 

The use cases and systems considered in this document belong to the generic Smart energy 
Grid Architecture Model (SGAM) domain of Customer Premises, and more specifically, under a 
sub-domain of industrial premises. The premises (space where the equipment and installations 
are located) are private. Other primal domain attributes are:  

a) business purpose is manufacturing of products;  
b) main purpose of the systems is to serve the manufacturing process;  
c) there is a direct interface to public infrastructure (Distribution as well as Transmission 

domains). 
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