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prepared by a Rail Industry Safety and Standards Board (RISSB) Development Group consisting of representatives 
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The Standard was approved by the Development Group and the Rolling Stock Standing Committee in June, 2022. 
On June 30, 2022 the RISSB Board approved the Standard for release. 

This standard was issued for public consultation and was independently validated before being approved. 

Development of the Standard was undertaken in accordance with RISSB’s accredited process. As part of the 
approval process, the Standing Committee verified that proper process was followed in developing the Standard 

 

RISSB wishes to acknowledge the positive contribution of subject matter experts in the development of this Standard. 
Their efforts ranged from membership of the Development Group through to individuals providing comment on a draft 

of the Standard during the open review. 

I commend this Standard to the Australasian rail industry as it represents industry good practice and has been 
developed through a rigorous process. 

 

 

Deb Spring 
Chief Executive Officer 
Rail Industry Safety and Standards Board 

 

 

Keeping Standards up-to-date 

Australian Standards developed by RISSB are living documents that reflect progress in science, technology and 
systems.  To maintain their currency, Australian Standards developed by RISSB are periodically reviewed, and new 
editions published when required.  Between editions, amendments may be issued. Australian Standards developed 

by RISSB could also be withdrawn. 

It is important that readers assure themselves they are using a current Australian Standard developed by RISSB, 
which should include any amendments that have been issued since the Standard was published. Information about 
Australian Standards developed by RISSB, including amendments, can be found by visiting www.rissb.com.au.  

RISSB welcomes suggestions for improvements and asks readers to notify us immediately of any apparent 
inaccuracies or ambiguities. Members are encouraged to use the change request feature of the RISSB website at:  
http://www.rissb.com.au/products/. Otherwise, please contact us via email at info@rissb.com.au or write to Rail 

Industry Safety and Standards Board, PO Box 518 Spring Hill Qld 4004, Australia. 

 

Notice to users 

This RISSB product has been developed using input from rail experts from across the rail industry and represents 
good practice for the industry. The reliance upon or manner of use of this RISSB product is the sole responsibility of 
the user who is to assess whether it meets their organisation’s operational environment and risk profile. 
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This Standard was prepared by the Rail Industry Safety and Standards Board (RISSB) Development Group  AS 7486 
Railway energy storage: Rolling stock onboard electrical energy storage.  Membership of this Development Group 
consisted of representatives from the organisations listed on the inside cover of this document 

 

Compliance 

There are four types of provisions contained within Australian Standards developed by RISSB: 

1. Requirements. 

2. Recommendations. 

3. Permissions. 

4. Constraints. 

Requirements – it is mandatory to follow all requirements to claim full compliance with the Standard. 
Requirements are identified within the text by the term ‘shall’.  

Recommendations – do not mention or exclude other possibilities but do offer the one that is preferred. 
Recommendations are identified within the text by the term ‘should’. 

Recommendations recognise that there could be limitations to the universal application of the control, i.e. the 
identified control is not able to be applied or other controls are more appropriate or better.  

Permissions – conveys consent by providing an allowable option. Permissions are identified within the text by the 
term ‘may’. 

Constraints – provided by an external source such as legislation. Constraints are identified within the text by the 

term ‘must’.  

For compliance purposes, where a recommended control is not applied as written in the standard it could be 
incumbent on the adopter of the standard to demonstrate their actual method of controlling the risk as part of their 
WHS or Rail Safety National Law obligations. Similarly, it could also be incumbent on an adopter of the standard to 
demonstrate their method of controlling the risk to contracting entities, or interfacing organisations where the risk may 
be shared. 

RISSB Standards address known hazards / hazardous events within the railway industry. Where applicable to this 
Standard, these are listed in Appendix A: Australian Rail Risk Model (ARRM). 
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Introduction 

This standard supports Australian rolling stock operators (RSO) to specify and utilize onboard 

batteries and electric double-layer capacitors (EDLC) used mainly for traction purposes 

(propulsion and braking) so that they are used safely, effectively, and reliably in the Australian 

context and networks, throughout the life of the energy storage system (ESS). This document 

provides a basis for RSOs, vehicle manufacturers, and ESS manufacturers to understand and 

communicate the requirements on ESS. 

This is done through guiding the understanding of: 

(a) the ESS’s contribution to rolling stock performance goals; 

(b) the ESS’s interface with onboard and offboard systems;  

(c) the rolling stock operational context; 

(d) international and national standards related to rolling stock with onboard ESS. 

Adherence to this RISSB standard does not ensure compliance with the national law, national 

guidelines, standards, and codes of practice. However, this standard supports the duties under 

the Rail Safety National Law by articulating potential hazards arising from the ESS in the 

operational context.  

Design principles are presented to support the elimination or mitigation of safety risk to be safe, 

so far as is reasonably practicable (SFAIRP).  Where applicable, this standard also directs the 

reader to existing standards that can provide specific requirements and information.  

This standard builds on existing national and international standards by providing additional 

guidance and requirements for ESS. The main existing international standards relevant to 

onboard ESS using batteries are IEC 62864-1, IEC 61881-3, and IEC 62928. Performance 

based requirements, recommendations, and guidance will not replicate existing published 

requirements and recommendations.  

Note that IEC 62864-1 presents the relationship between the standards in terms of levels of 

systems and subsystems. 

(a) Level 1 is the vehicle/system interface. 

(b) Level 2 is system and interfaces. 

(c) Level 3 is components. 

(d) Level 4 is subcomponents. 
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The following provides a summary of the content of these standards and the additional 

guidance and recommendations that will be provided in this standard: 

(a) IEC 62864-1 for power supply with onboard energy storage system covers 

basic system electrical configuration, tests to verify and some guidelines for 

manufacturing and evaluating. It is defined as Level 1/2, or across the 

vehicle/system interface and system levels. This standard will build on IEC 

62864-1, by providing further guidance that considers the Australian rail 

operational context to inform:  

i. the performance requirements, design guidance throughout the ESS 

lifecycle; and  

ii. the identification and mitigation of relevant safety hazards. 

(b) IEC 61881-3 for electric double-layer capacitors (EDLC) is at the component 

level (Level 4) within the IEC standard structure. It focusses on the quality 

requirements and testing of EDLCs. It provides guidance to support their 

design, selection and use, including their installation and operation. This 

standard will build on IEC 61881-3 by providing further guidance that 

considers the Australian rail operational context to inform: 

i. the performance requirements and design guidance throughout the ESS 

lifecycle; 

ii. the identification and mitigation of relevant safety hazards. 

(c) IEC 62928 for lithium-ion batteries is at the component level (Level 4) within 

the IEC standard structure and discusses the design, operation, parameters, 

safety recommendations, data exchange, routine and type tests as well as 

marking and designation. It includes broad coverage of operational conditions 

as well as some guidance in using the operational pattern for sizing. This 

standard will build on IEC 62928 by providing further safety guidance related 

to the Australian rail operational context. 
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1 Scope and general 

1.1 Scope 

The scope of this standard is the system functional and safety requirements for ESS which use 

batteries and EDLCs on new and modified rolling stock in Australia. It focusses on hazards 

associated with lithium-ion batteries and EDLCs and their implementation, however safety and 

design guidance is equally relevant to other battery technologies including solid state and metal 

air batteries. 

1.2 Out of scope 

The following are out of scope: 

(a) Wayside energy storage. 

(b) Energy storage technologies other than batteries or EDLCs. 

(c) Any requirements and recommendations on other systems that are not 

explicitly related to supporting the ESS function and safety. Systems that 

interface with the ESS are discussed in Section 2.4. 

1.3 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: 

• AS 7501, Rolling stock compliance certification 

• AS 7507, Rolling stock outlines 

• AS 7509, Rolling stock – Dynamic Behaviour 

• AS 7519 (all parts), Railway Rolling Stock – Bogie Structural Requirements 

• AS 7520 (all parts), Australian Railway Rolling Stock – Body Structural 

Requirements 

• AS 7521, Interior Crashworthiness 

• AS 7529 (all parts), Australian Railway Rolling Stock – Fire Safety 

• AS 7530, Electrical systems 

• AS 7540, Rail Systems Interoperability 

• AS 7633, Railway infrastructure: Clearances 

• AS 7770, Rail Cyber Security 

• AS 7722, EMC Management 

• IEC 61881-3, Railway Applications – Rolling Stock Equipment – Capacitors for 

power electronics 

• IEC 62864-1, Railway Applications – Rolling Stock – Power supply with onboard 

energy storage system – Part 1: Series Hybrid System: Specifies general 

requirements for the onboard energy storage system at a system level. 

• IEC 62928, Railway Applications – Rolling Stock – Onboard lithium-ion traction 

batteries: States the requirements for railway traction applications. 
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• EN 50128:2011, Railway applications - Communication, signalling and processing 

systems - Software for railway control and protection systems.  

• IEC 61373, Railway applications – Rolling stock equipment – Shock and vibration 

tests. 

• EN 50153, Rolling Stock - Protective Provisions relating to electrical hazards 

• IEC 60077-1, Railway applications – Electric equipment for rolling stock – Part 1: 

General service conditions and general rules. 

• EN 50121-3-2, Railway applications - Electromagnetic compatibility - Part 3-2: 

Rolling stock - Apparatus. 

• EN 50215, Railway Applications - Rolling Stock- Testing of rolling stock on 

completion of construction and before entry into service.  

• EN 50126, Railway Applications- The Specification and Demonstration of 

Reliability, Availability, Maintainability and Safety (RAMS)- Part 1 Generic RAMS 

Process. 

• EN 50126, Railway Applications- The Specification and Demonstration of 

Reliability, Availability, Maintainability and Safety (RAMS)- Part 2 Systems 

Approach to Safety. 

NOTE 1: Documents for informative purposes are listed in a Bibliography at the back of the 

Standard.  

NOTE 2: The three IEC standards referenced in the Introduction are at different levels of the 

system hierarchy for a vehicle. This standard most directly aligns with the level of IEC 62864 

and provides standards and recommendations at a system level, with an awareness of the 

influence of the subcomponents – i.e. batteries and EDLCs. 

1.4 Terms, definitions, and abbreviated terms 

For the purposes of this document, the following terms and definitions apply: 

1.4.1 

BMS 

battery management system 

[SOURCE: IEC 62928:2018, 3.1.29] 

1.4.2 

BTMS 

battery thermal management system 

[SOURCE: IEC 62928:2018, 3.1.30] 

1.4.3 

capacitor element 

indivisible part of a capacitor consisting of two electrodes (typically made of carbon) separated 
by an electrolyte impregnated separator 

[SOURCE: IEC 61881-3:2012, 3.1] 
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1.4.4 

capacitor cell 

one or more capacitor elements, packaged in the same enclosure with terminals brought out 

[SOURCE: IEC 61881-3:2012, 3.2] 

1.4.5 

capacitor module 

assembly of two or more capacitor cells, electrically connected to each other with or without 
additional electronics 

[SOURCE: IEC 61881-3:2012, 3.3] 

1.4.6 

capacitor bank 

assembly of two or more capacitor modules 

[SOURCE: IEC 61881-3:2012, 3.4] 

1.4.7 

capacitor 

general term used when it is not necessary to state whether a reference is made to capacitor 
cell, module or bank 

[SOURCE: IEC 61881-3:2012, 3.5] 

1.4.8 

CSIRO 

Commonwealth Scientific and Industrial Research Organisation 

1.4.9 

direct current 

DC 

electrical current that flows consistently in one direction 

1.4.10 

EDLC 

electric double-layer capacitor 

[SOURCE: IEC 62864-1:2016, 3.1.22] 

1.4.11 

environment 

unless stated otherwise, refers to the natural, induced, and operational environment.   
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1.4.12 

energy storage system 

ESS 

physical system which consists of one or more ESUs and the other equipment required to 
connect to the DC link such as converters, control and monitoring systems, inductors, protection 
devices, cooling systems, etc. 

[SOURCE: IEC 62864-1:2016, 3.1.22] 

1.4.13 

energy storage unit 

ESU 

physical equipment which is comprised of energy storage technologies such as batteries or 
EDLC 

[SOURCE: IEC 62864-1:2016, 3.1.20] 

1.4.14 

offboard  

not installed on the rolling stock 

1.4.15 

onboard 

installed on the rolling stock 

1.4.16 

overhead wiring 

OHW 

electrical cable providing traction power to electrified rolling stock 

1.4.17 

PPS 

primary power source 

1.4.18 

regenerative braking 

the function of capturing energy while braking so that the energy can be used for another 
purpose 

1.4.19 

RIM 

rail infrastructure manager 

1.4.20 

SFAIRP 

so far as is reasonably practicable 
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1.4.21 

through-life 

the whole lifecycle of the ESS and its interaction with the vehicle and railway enterprise. This 
includes considering the ESS’s installation, commissioning, operation, maintenance / support 
and final disposal 

1.4.22 

train control management system 

TCMS 

the combined control systems that sit at the top of the onboard consist control hierarchy, from 
which all signals to lower-level control systems flow 

1.4.23 

vehicle 

single item of rolling stock 

 

General rail industry terms and definitions are maintained in the RISSB Glossary: 

https://www.rissb.com.au/products/glossary/ 
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2 Energy storage system (ESS) general context 

2.1 Applications and purpose of the ESS within rolling stock 

ESS can be used for the following applications and purposes: 

(a) As a primary or secondary power supply for the rolling stock. 

(b) To reduce peak loads on the traction power supply network. For example, by 

supplementing the OHW traction power supply system during acceleration.  

(c) To increase electric traction system efficiency and reduce emissions, either 

by:  

i. capturing energy during regenerative braking and making it available 

during powering. This energy would otherwise be directed to the braking 

resistors to be converted to heat and lost;  

ii. allowing for zero emission coasting and idling with other power sources 

off, by providing an alternative power supply; or  

iii. allowing other power sources, such as diesel engines, to operate at their 

peak thermal efficiency. For example, diesel engine efficiency varies 

with the loading on the engine. The ESS can allow the diesel generator 

to maximize operation at peak efficiency for a longer period by receiving 

and storing excess power for later use rather than being forced to 

operate at an operating condition with lower efficiency. 

(d) To reduce noise, for example, in noise sensitive areas when the ESS is used 

as the PPS instead of a diesel engine. This can allow for quiet shunting in 

yards and quiet acceleration from stations. The ESS can also reduce 

operating noise by allowing diesel-electric trains to minimize the use of 

maximum engine revolutions or power notch by providing the extra power 

demand of the traction system. 

(e) To provide a back-up power supply to increase the availability of rail vehicle 

systems when other power and propulsion systems or energy sources are 

unavailable or have limited capacity. 

(f) To reduce the amount of track-side electrical infrastructure required in some 

locations, such as OHW. 

IEC 62864-1:2016 Section 4 provides a comprehensive description of various onboard ESS 

configurations and modes of operations for different types of rolling stock. 

2.2  Description of the ESS within rolling stock 

IEC  62864-1:2016 Section 4 provides an overview of some possible electrical system 

configurations including an ESS, where the ESS can comprise of the following electrical 

components: 

(a) An energy storage unit (ESU). 

(b) A converter to convert the ESU output voltage to that required for the vehicle. 

(c) An ESS bypass switch within the system boundary.  
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The component of key interest within the ESS is the ESU due to the novelty of large-scale 

batteries and EDLCs and the severity of the hazards they can cause. The ESU consists of one 

or multiple components that can repeatedly store and release electrical energy in a controlled 

manner. ESU component technologies other than batteries and EDLCs are out of the scope of 

this Standard as per section 1.2.   

The ESU is likely to have a power level that is of the same order of magnitude as the power of 

the traction system. This can vary significantly from vehicle to vehicle depending on the purpose 

of the train, ranging from light rail through to freight. The ESU is likely to store energy so that it 

can provide the functions described in Section 2.1 for a useful period before recharging, which 

can range from seconds to hours based on the implementation and operation. 

Figure 1 below shows possible rolling stock electrical system configurations including an ESS. 

 

Figure 1: Block diagram of a series hybrid system. 
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A common arrangement of capacitor cells into capacitor modules, and of capacitor modules into 

capacitor banks, is shown in figure 2 below. IEC  61881-3:2012 Annex A provides additional 

detail for this type of arrangement . 

Figure 2: Block diagram of a series hybrid system.  
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