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1 Preface  

The installation of grid-connected energy systems with battery storage (GCBS) is a relatively new 

and emerging field, which is growing rapidly – but with a lack of definitive Standards. 

There are several existing Australian Standards for the design and installation of battery systems 

within buildings (refer to the ‘Existing Standards’ section below). Most of these standards were 

prepared for use with traditional lead-acid battery technology, and do not address recent product 

innovations and developments. Such innovations include: 

• Other battery technologies, including battery chemistry types other than lead-acid – such as 

lithium, aqueous ion and capacitor-inclusive based storage.  

The gravimetric and volumetric energy density of lithium-based cells significantly exceeds 

lead-acid and is significantly better than nickel cells. 

Some believe such energy density will result in an increased uptake of products using this 

chemistry.  

• New developments in interconnection equipment (such as multi-mode inverters), which can 

result in batteries being continually connected to the grid, and include PV or other energy 

sources. 

• Packaged ‘battery energy storage systems’, also known as ‘all-in-one’ systems, which combine 

battery storage, inverters and other control equipment into a single assembly, with pre-

engineered connections.  

The purpose of this document is to provide interim guidance to designers and installers of grid-

connected energy systems with battery storage systems, until new Standards have been 

formalised.  

These guidelines provide recommended safety measures, with reference to existing Australian and 

IEC Standards. In particular, and in order of importance, this guide aims to ensure: 

• No death 

• No injury 

• No loss of property 

• No avoidable failure of equipment 

These guidelines apply to battery systems operating at both extra-low voltage (ELV) and low 

voltage (LV). For further information on applicability, refer to the ‘Scope’ and ‘General’ sections. 
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1.1 Existing Standards for Batteries in Buildings 

There are several existing Australian Standards covering applications of stationary (permanently 

installed) batteries in buildings. These standards have some overlap, but also refer to slightly 

different situations, as follows: 

• AS 2676 covers the testing, commissioning, maintenance and repair of battery banks in 

buildings.  

This standard applies to lead-acid cells and to alkaline cells (e.g. nickel-cadmium), and 

consists of two parts: Part 1 for vented cells and Part 2 for sealed cells. 

• AS 3011 covers the layout, arrangement and installation requirements for battery systems 

in buildings. It includes systems greater than 115V DC.  

This standard also applies to lead-acid cells and to alkaline cells, and consists of two parts 

for vented and sealed batteries, as per AS 2676. 

• AS 4086 covers battery bank layout, installation, commissioning, and maintenance – but it 

is defined for ELV battery installations only (<115V DC), and written specifically for off-grid 

(stand-alone) power systems. Some of the requirements in this document would be 

suitable for battery banks in residential, grid-connected PV energy systems. 

• AS/NZS 4509 sets out safety, installation and design of stand-alone power systems used 

for the supply of extra-low (ELV) and/or low voltage (LV) electric power to an electrical 

installation. 

This standard generally applies to lead-acid installations, and consists of two parts. 

Of the above, AS 3011 is called up under the Wiring Rules (AS/NZS 3000) as an ‘informative 

reference’ (guidance only); and AS 4086 is referred to by AS/NZS 4509 for the installation of off-

grid systems. None of these standards are currently called up by regulations for GCBS electrical 

installations. 

This guide brings together all the relevant requirements for GCBS installations into one document, 

and provides a clear guideline for satisfying minimum safety standards. 

 

2 Scope 

These guidelines apply to the safe installation of GCBS systems, where a battery is installed on-

site, and is interconnected via an inverter to the grid.   

Additionally, the scope of this document covers the installation of batteries up to the termination 

into the PCE.   

Some systems may include batteries only to store and supply energy on-site (e.g. those with 

export limiting functions). Systems may also include other sources of supply such as solar PV, wind 

turbines or mini-hydro turbines. 
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This guide does not provide definitive advice for central uninterruptible power supply (UPS) 

systems for large commercial sites, or for premises with critical power continuity requirements 

(e.g. acute care hospitals). 

If a manufacturer is selling a battery energy storage system as a complete, pre-assembled 

integrated package, the complete system should conform to the requirements of AS 62040.1.1 or 

62040.1.2 (as applicable). 

These guidelines also include a new method of voltage classification – refer to ‘Electric shock 

hazard’ in Section 4 below.  

60V DC (under dry conditions) is an important safety threshold level in this new system, rather 

than the typical ELV versus LV classification. 

All-in-one systems are treated differently with respect to these guidelines and shall be installed as 

per the manufacturer’s instructions. However, location and safety signage requirements as 

specified in these guidelines shall still be observed.   

Relevant sections for all-in-one systems are 7.1 Location, 7.6 Equipment location and 

identification, 7.7.4  All-in-one systems & 9 Safety Signage. 

These guidelines should be used as a reference for any installation aspects not addressed by the 

manufacturer of all-in-one systems. 

 

3 Referenced Documents 

AS 1170.4 Structural design actions - Earthquake actions in Australia 

AS 1319 Safety signs for the occupational environment 

AS 1926.1 Swimming pool safety - Safety barriers for swimming pools 

AS 2676.1 Guide to the installation, maintenance, testing and replacement of 

secondary batteries in buildings – Vented cells 

AS 2676. 2 Guide to the installation, maintenance, testing and replacement of 

secondary batteries in buildings – Sealed cells 

AS/NZS 3000  Electrical installations (known as the Australian/New Zealand Wiring 

Rules) 

AS 3011.1 Electrical installations - Secondary batteries installed in buildings - 

Vented cells  

AS 3011.2 Electrical installations - Secondary batteries installed in buildings - 

Sealed cells  

AS 4086.2 Secondary batteries for use with stand-alone power systems - 

Installation and maintenance 

AS/NZS 4509.1 Stand-alone power systems - Safety and installation 
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AS/NZS 4509.2 Stand-alone power systems - System design 

AS/NZS 4777.1 Grid connection of energy systems via inverters – Installation 

requirements  

AS/NZS 4777.2 Grid connection of energy systems via inverters – Inverter 

requirements  

AS/NZS 5000.1 Electric cables - Polymeric insulated - For working voltages up to and 

including 0.6/1 (1.2) kV 

AS/NZS 5000.2 Electric cables - Polymeric insulated - For working voltages up to and 

including 450/750 V 

AS 60950.1 Information technology equipment - Safety - General requirements 

AS 62040.1.1 Uninterruptible power systems (UPS) - General and safety 

requirements for UPS used in operator access areas 

AS 62040.1.2 Uninterruptible power systems (UPS) - General and safety 

requirements for UPS used in restricted access locations 

NZS 4219 Seismic performance of engineering systems in buildings 

IEC 62109-1 Safety Of Power Converters For Use In Photovoltaic Power Systems - 

Part 1: General Requirements 

IEC 62109-2 Safety Of Power Converters For Use In Photovoltaic Power Systems - 

Part 2: Particular Requirements For Inverters  

 

3.1 Definitions 

Terms defined in the referenced documents are also applicable here. Some are re-produced for 

added clarity and some have been adapted and presented here. 

3.1.1 All-in-one 

Packaged ‘battery energy storage systems’ which combine battery storage, inverters and other 

control equipment into a single assembly. 

 

3.1.2 Battery enclosure 

An enclosure containing batteries that is suitable for use in an area other than a battery room or 

an area restricted to authorised personnel. 

 

3.1.3 Battery room 

A secure room specifically intended for the installation of batteries. 

 

3.1.4 Bunding 

An embankment or wall of brick, concrete or other impervious material, which retains liquid.  
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3.1.5 Combined enclosure/cabinet 

An enclosure containing both batteries and PCEs 

 

3.1.6 Competent person 

A person, who has acquired, through training, qualification or experience or a combination of 

these, the knowledge and skill enabling that person to perform the required task correctly. 

 

3.1.7 Decisive Voltage Classification (DVC) 

A determination of the highest voltage which occurs continuously between any two arbitrary live 

parts of the PCE during worst-case rated operating conditions when used as intended.  

 

3.1.8 Equipment enclosure 

An enclosure grouping all components of a storage system, excluding batteries. 

 

3.1.9 GCBS 

Grid-Connected Energy Systems with Battery Storage 

 

3.1.10 Material Safety Data Sheet (MSDS) 

A document that provides health and safety information about products, substances or chemicals 

that are classified as hazardous substances or dangerous goods. 

 

3.1.11 Power conversion equipment (PCE) 

An electrical device converting one kind of electrical power from a voltage or current source into 

another kind of electrical power with respect to voltage, current and frequency. 

 

3.1.12 Port 

Terminals associated with a particular function or connection as part of a piece of equipment 

which generally have a set of voltages associated with them either internally generated or 

externally connected. 

 

3.1.13 Secure equipment enclosure 

An enclosure to provide restricted access for unauthorised personnel to the components of the 

storage system and does not include batteries. 

 

3.1.14 UPS 

Uninterruptible power supply/uninterruptible power system 

 

4 How to Use these Guidelines 

1. Determine hazards applicable to battery installation 
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2. Apply requirements of General Arrangement (Section 6) 

3. Apply Hazard Mitigation Methods (Section 8) to address identified hazards (Step 1) 

4. Apply requirements relevant to Safety Signage (Section 8), Commissioning (Section 

9), Maintenance (Section 10) & Documentation (Section 11) 

 

5 Hazards associated with batteries 

The main hazards associated with battery systems are: 

• Electric shock hazard 

• Energy hazard 

• Chemical hazard 

• Explosion hazard 

• Fire hazard 

• Gravitational Hazard 

5.1 Electric shock hazard 

The safety risks associated with a battery system are dependent on the voltage of the battery bank 

and any other voltage applied to the battery bank by an inverter or energy source.  

For example, consider an ELV battery with the negative terminal connected to the active of a 

single phase AC supply. The battery terminals therefore may have a touchable grid voltage.  

The issue concerns determining whether the inverter actually connects its battery inputs (port) by 

some method to a potentially harmful voltage either permanently or during some normal cycle of 

operation. 

To avoid the burden of having to either determine the internal operation of a PCE or try and 

measure it, there is a new system of making this determination which is known as Decisive Voltage 

Classification (DVC). 

The DVC system refers to the voltage level and also the degree of separation of the relevant 

battery port from the grid or from any other source. Table 1 gives a summary of DVC levels. This 

type of classification greatly simplifies the decisions associated with protection and enclosure 

requirements for a battery system.  

For PV-related equipment, IEC 62109 requires the classification of circuits of PV power converters 

(including inverters and charge controllers) according to their DVC. AS/NZS 4777.2:2015 requires 

all inverter ports to be classified and marked according to their DVC. 
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Table 1: Summary of DVC ranges 

 

Decisive Voltage 

Classification 

(DVC) 

Limits of Working Voltage V 

AC Voltage 

UACL r.m.s. 

AC Voltage 

UACPL peak 

DC Voltage 

UDCL mean 

A ≤25 

(16) 

≤35.4 

(22.6) 

≤60 

(35) 

B 50 

(33) 

71 

(46.7) 

120 

(70) 

C 50 

(>33) 

>71 

(>46.7) 

>120 

(>70) 

 

Notes to Table 1:  

• Under fault conditions, DVC-A circuits are permitted to have voltages up to the DVC-B limits 

for a maximum of 0.2s. 

• The table values in parentheses are to be used for installations where the Power Conditioning 

Equipment (PCE) or associated equipment (e.g. batteries) or both are installed in ‘damp’ 

situations (as defined by AS/NZS 3000). In general it would be expected that most batteries 

should be installed in a dry environment, i.e. not a damp situation as per AS/NZS 3000. 

The level of shock hazard is informed by the DVC. If the battery is within the DVC-A voltage range, 

and the port to which it is connected is also DVC-A, then the battery is considered relatively safe 

from the point of view of electric shock (although of course it still may constitute an energy 

hazard). 

However, if the battery voltage is within the DVC-A voltage range (for example 48V) but the port 

to which it is connected is considered DVC-C, then the whole battery becomes DVC-C. The port 

may be classified as DVC-C simply because the inverter is a non-separated type (e.g. 

transformerless), and hence the battery, although of a low voltage, is effectively connected to the 

grid through the non-separated inverter. The applicable DVC is always the highest classification 

applicable to any of the equipment connected to the battery system, even if the battery itself is a 

low classification. 

The use of DVC port classifications therefore informs the designer on the sort of safety measures 

required to be implemented for the battery, in terms of electrical protection and enclosures and 

interlocks. 

Where the DVC of a port of a piece of equipment connected to a battery system is not available 

(as may be the case for a charge controller), consideration must be given to the technology of the 

piece of equipment. If the charge controller has an input voltage greater than DVC-A, and does not 

provide the equivalent of double insulation/separation between the battery port and the input 

voltage, then the battery system must be classified to be a higher classification (e.g. DVC-B or DVC-

C), according to the voltage classification of the input voltage of the charge controller. 
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If a battery system is either DVC-B or DVC-C it shall be treated as an LV installation, as used in 

other Australian and international standards. 

 

5.2 Energy hazard 

Any grid-connected storage battery will, by definition, contain enough energy to cause a hazard if 

short circuits or faults occur, even if the battery is extra-low voltage. All batteries need to be 

protected from faults, and from accidents which may happen due to uninformed use. 

Batteries of all types and their associated DC cabling need to be protected from mechanical 

damage.  

More details on hazard mitigation methods are given in the ‘8.2 Energy’ section below. 

Note: Guidance on energy hazard protection, with respect to operator-accessible areas, can be 

found in AS 60950.1 clause 2.1.1.5. 

 

5.3 Chemical hazard 

All batteries store chemical energy and contain electrolyte materials, which are usually a fluid or 

gel. In the event of an accident which damages the battery casing, electrolyte leakage can create a 

hazard. 

An MSDS is essential to determine risk mitigation methods regarding chemical hazards. 

5.4 Explosion/Flammable emission hazard 

Some battery chemistries generate hydrogen and oxygen gases during charging, and hence pose a 

hazard due to the mixture of flammable gases.  

5.5 Fire hazard 

Some lithium-based batteries can fail due to internal overheating, in a process known as ‘thermal 

run-away’. The normal chemical reactions within the battery during charging are exothermic 

(generate heat). If this heat is not able to dissipate, or the battery is overcharged for a long 

duration, the rate of chemical reaction can then speed up, which in turn increases the battery 

temperature further, in an increasing cycle until the battery is physically damaged. Thermal 

runaway is described in more detail in various publications (see ‘Safety of Lithium-ion batteries’, 

The European Association for Advanced Rechargeable Batteries, June 2013). 

Once this happens, there is a risk of fire and/or rupture of the battery, with emission of toxic 

material. Emitted gases may contain carbon monoxide (CO), carbon dioxide (CO2), hydrogen (H2) 

and traces of hydrogen fluoride (HF). 
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5.6 Gravitational hazard 

Such a hazard arises from the potential of an object falling. This may occur due to inappropriate 

battery accommodation and arrangement or an external force – such as a seismic earthquake. 

 

  

6 System Configurations 

Many different designs of GCBS systems are possible. The following are some factors which affect 

the design and requirements: 

• battery voltage 

• inverter port classification 

• battery earthing arrangements 

• battery capacity 

• battery chemistry 

• battery accessibility 

• DC/AC coupling 

• ‘Off-grid’ (islanding) functionality 

• UPS functionality 

• manufacturer’s instructions 

• MSDS risk mitigation instructions 

7 General Arrangement 

7.1 Location  

The following requirements apply to all battery chemistries including all-in-one systems. 

A dedicated equipment room or battery room is the preferred location for battery installations. 

When selecting locations for installation of batteries, the installer shall take into account the 

following: 

• Physical requirements (size, weight) 

• Ventilation requirements and access to ventilation 

• Environmental considerations, e.g. temperature, exposure to direct sunlight, weather, damp 

locations etc. 

• Risk of mechanical damage (eg. vehicle collision). 

The following considerations apply to battery location: 

• Extreme ambient temperatures should be avoided because low temperatures decrease 

battery capacity and prolonged high temperatures may shorten battery life 
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• The enclosure location shall provide adequate structural support and be as free of vibration as 

possible 

• The battery location should preclude contamination of water supplies and damage to 

equipment in the event of electrolyte spillage 

• A battery should not be located near combustible material or near metal objects capable of 

falling across battery terminals and causing a short circuit. 

Additionally, the requirements for location of battery enclosures will depend on the Classification 

of the building, as defined by the National Construction Code (NCC) 2015.  

7.1.1 Battery locations – NCC Class 1 & 10 buildings (domestic dwellings) 

For the purpose of this guideline, the term ‘domestic dwellings’ refers to Class 1 and Class 10 

buildings, as defined by the National Construction Code (NCC) 2015. Classes 1 and 10 buildings 

include the following: 

• A detached house 

• One of a group of separate, attached houses (e.g. terrace house, town house, villa unit etc.) 

• A boarding house, guest house etc. with a total floor area less than 300m2, and ordinarily with 

less than 12 residents 

• A private garage, carport, shed, or the like (non-habitable building). 

In domestic dwellings, batteries shall not be located in ‘habitable rooms’ (as defined by the NCC 

2015). A habitable room includes, but is not limited to, the following: 

• bedroom 

• living room 

• lounge room 

• music room 

• television room 

• kitchen 

• dining room 

• sewing room 

• study 

• playroom 

• family room 

• home theatre 

• sunroom 

• bathroom 

• toilet 

• laundry 
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Typically, suitable areas for batteries in these buildings will include garages, storage rooms and 

plant rooms, provided that they comply with the requirements such as access restriction, 

ventilation, mechanical protection, environmental conditions (including IP rating). 

For battery systems located above or below habitable rooms (e.g. in undercrofts, or the bottom 

level of ‘Queenslander’ style houses), the potential hazards due to flow of gas or spread of fire 

between levels should be considered. In such cases, the roof/ceiling of the battery room shall be 

made of an impermeable material and not arranged in an ‘umbrella’ configuration. Refer to 

AS/NZS 4509.1 Figure C2. 

Note: A single building containing multiple separate residences (e.g. an apartment building), or a 

hotel accommodating more than 12 persons is classified as Class 2 or 3 in the NCC, and shall be 

subject to the requirements for ‘non-domestic’ buildings below. 

 

7.1.2 Battery locations – NCC Class 2 through 9 buildings (Non domestic) 

For buildings of Class 2 through 9 (i.e. all buildings other than NCC Class 1 or 10), the National 

Construction Code has specific requirements for battery installations. 

According to section C2.12 Separation of equipment: 

• A battery or batteries installed in the building that have a voltage exceeding 24 volts and a 

capacity exceeding 10 ampere hours shall be separated from the remainder of the building. 

• The separation shall be using construction with a Fire Resistance Level (FRL) of not less than 

120/120/120. 

• This typically means that batteries need to be in a plant room or separate battery room, and 

that the walls of this room need to be made from one of the following: 

• Multiple layers of fire resistant plasterboard (to the thickness required for the FRL) 

• Concrete, masonry, blockwork or similar material, constructed such that it qualifies as 

having a FRL. 

7.2 Access 

All batteries shall be located in an area that shall be designed to prevent access by unauthorised 

persons. Also note location requirements in Section 7.1. 

Access to batteries for installation and maintenance purposes should be limited to competent 

persons. This can be achieved by one of the following: 

a) a battery room  

b) a battery enclosure 

c) a fenced off section in a larger room.  
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Item (a) is the preferred option, as it provides better access for battery installation, inspection and 

maintenance, and simplifies the separation of batteries from other hazards. 

The design of battery rooms, enclosures or fenced off sections shall include appropriate means to 

prevent access by unauthorised persons. Access restriction can be satisfied by preventing access 

with use of a tool or other device.  

Additional information regarding mechanical considerations can be found in AS 4086.2, clause 

2.6.3. 

 

7.3 Battery cable sizing 

Battery cabling should be kept as short as possible to reduce voltage drop at high currents. 

The cable size should be sized in accordance with Paragraph C2 of AS/ NZS 4509.2, but the limiting 

factor of the cable size will normally be the current carrying capacity rather than voltage drop. 

The current carrying capacity of the selected cable should not be less than – 

(a) The rating of the main battery protection selected; and 

(b) The sum of the inverter main and DC main protection, where these are separate circuits 

For more information on battery cable sizing refer to AS4086.2. 

 

 

7.4 Battery bank isolation 

The battery bank shall be capable of being readily isolated from the power system. Battery 

isolation equipment should be mounted outside the battery enclosure. 

Battery isolation should be placed as close as practicable to the battery terminals. 

Isolation and circuit protection can be achieved within a single device. 

One suitable solution is the ‘Fuse-Disconnector’ which combines a main fuse holder and non-load 

break isolator. A multi-fuse unit can also provide the main protection for any system DC loads.  

Where it is necessary to isolate battery strings without interrupting power supply, the schemes 

shown in AS/NZS 4509.2 Figures 7 and 8 may also be implemented, with separate fusing and 

isolation for each string. 

If the battery voltage exceeds DVC-A, the installation shall be fitted with isolating switches, plugs 

or links to separate the battery into sections of less than DVC-A for maintenance. Suitably 

identified inter-cell connectors, for example, with insulation of a different colour to other inter-cell 

connectors may be used for this purpose. 
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NOTE: It is intended that the isolating switch, plugs or links should be operated only for major 

maintenance of batteries, such as removal or replacement of cells, or corrosion repair, to provide 

protection from electric shock to operators. 

Refer to AS/NZS 4509.2, Figures 6, 7 and 8 regarding overload protection. 

7.5 Equipment Isolation 

All disconnecting devices used to isolate DC equipment shall be selected on the basis of DC current 

ratings and fault current requirements. Provision shall be made for each generating source to be 

electrically isolated from the system. Suitable isolating devices include appropriately rated fuses, 

circuit-breakers and switch-disconnectors (isolators). 

7.6 Equipment location and identification 

The following requirements apply to all battery chemistries including all-in-one systems. 

All metering, informative displays, alarms, isolation and circuit protection equipment shall be 

permanently labelled to correctly identify its use and purpose. These items shall be placed in 

convenient and visible locations and be accessible to appropriate persons as required for their 

intended usage. 

Equipment that forms part of the installation (battery banks, cables, protection devices etc), shall 

only be accessible to authorised persons. The only exceptions to this are meters and informative 

displays, which should be placed in convenient and visible locations, and be accessible to 

appropriate persons, and able to be read without the opening or the removal of equipment covers 

(i.e. covers that require tools for their removal). 

Where metering is used, all metering shunts and connecting cables in un-earthed conductors, 

where installed, shall be screened from touch. 

More information can be found in AS/NZS 4509.1, clauses 2.6, 2.7 & 3.3. 

 

7.7 Method of housing 

There are three main methods of battery housing.  These are: 

• a a battery room  

• a battery enclosure 

• a fenced off section in a larger room.  
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7.7.1  Battery room  

The battery room shall be located so that access to a battery is not obstructed by the structure of 

the building or by the fixtures and fittings within the building. 

The use of a designated battery room permits the use of open-sided battery stands, and also 

provides easy access for battery maintenance. 

Where batteries are installed on the ground, floors should be of concrete construction and loading 

should be calculated in accordance with requirements. 

If the use of a multi-tier battery stand is necessary due to space considerations, the use of metal 

framing systems for the multi-tier battery stand is recommended for mechanical integrity.  

When large batteries and/or multiple tier battery stands are used, this will create very high point 

loads on the battery room floor. The maximum floor loading permitted in the battery room/area 

should be checked to verify that the floor is able to withstand the total weight of the proposed 

battery bank and stand (both average loads and point loads for the battery stand feet). 

Typical battery layouts are shown in AS/NZS 4509.1 Appendix C. Additionally, battery room layout 

and floor area designs shall meet the requirements in AS 3011.1, Clause 2.2.2 or AS 3011.2, Clause 

2.2.2. This includes clearances for aisle width and battery layouts.  

7.7.2 Battery enclosure 

A stand-alone battery enclosure shall take the form of a cabinet with lockable doors, a covering 

box with lid, or other suitable housing, which shall be lockable and provide protection against 

electrical contact or damage to the battery. 

Suitable battery enclosures can be constructed using a variety of methods. Typical construction 

methods are: 

• An enclosure fabricated from steel 

• A battery stand made from galvanised metal angle iron or metal racking system components, 

and covered with material to contain flammable gases when batteries are under charge and 

provide additional screening of live parts. 

The layout inside the enclosure shall be such that all battery terminals can readily be reached for 

battery maintenance and servicing. 

Where applicable, all cells should be readily accessible for examination of the electrolyte level, 

topping up, cleaning and removal. 

Ventilation openings and connections to the battery enclosure shall comply with the requirements 

explained in the ‘Ventilation’ section. 

The battery enclosure should be insect and vermin-proof. 
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7.7.3 Fenced-off section in a larger room (eg. part of a larger shed) 

In general, the recommendations for a designated battery room also apply, except some or all of 

the battery room walls will have been replaced by a protective screen or fence to provide a 

restricted area for the installation of the batteries.  

The use of the protective screen or fence may restrict the options of the mounting of the battery 

overcurrent protective devices to the battery enclosure or battery rack or stand. Where the 

battery enclosures or stands are located in a protective screen or restricted area, which is part of a 

larger room, and the screen or fence does not reach the roof, the following recommendations 

apply: 

a) Screening or fencing should be mechanically sound and robust. 

b) The screening or fence should be designed and installed to be vertical or, where specifically 

designed to lean, it should not do so by more than 15° to the vertical and should be 

maintained at a minimum height of 1200 mm, measured vertically from the top of the screen 

or fence. 

c) Screening or fencing using perforated materials or mesh with apertures not greater than 13 

mm should have an effective fencing height not less than 1200 mm. 

d) Screening or fencing using perforated material or mesh with apertures greater than 13 mm 

but not greater than 100 mm should have an effective fencing height of not less than 1800 

mm. 

e) Screening or fencing using mesh should include a strainer wire or rail at the top and the 

bottom of the screening or fencing. 

f) Projections and indentations, or any combination thereof, should not form a substantially 

horizontal surface with a depth greater than 10 mm (see AS 1926.1). 

NOTE: Requirements (a) to (e) are from AS/NZS 4509.1 Clause 7.3.4 

Any screening or fencing made from perforated material shall have apertures which are less than 

100 mm. 
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Composite Enclosure Battery Room Inside Battery Room Outside 

 

7.7.4 All-in-one systems 

Where a manufacturer supplies a complete battery energy storage system, known as an ‘All-in-

one’ system, with a combined cabinet for the inverter/electronic equipment (such as PCE and 

control gear) and the batteries, the system should conform to the requirements of AS 62040.1.1 or 

62040.1.2 as applicable. 

Systems of this nature shall be installed as per the manufacturer’s directions and the installer may 

treat it as a building block component with limited reference to these guidelines. 

Note that location and safety signage requirements as specified in these guidelines shall still be 

observed. 

 

7.7.5 Combined cabinet/enclosure 

Where an installer develops a combined cabinet/enclosure, it is recommended that the battery 

and inverter equipment compartments are both ventilated using natural ventilation (i.e. without 

the use of an electrically powered fan). 
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The design of the combined cabinet/enclosure should be such that access for maintenance to the 

battery and to the inverter/electronic equipment is able to be carried out easily through the 

separate access door(s) to the battery or the inverter or electronic equipment. 

The following requirements are recommended for the design and use of combined 

cabinet/enclosures: 

a) the battery types are restricted to sealed lead-acid batteries (i.e. valve regulated, AGM or 

gel) or lithium-ion batteries 

b) The battery enclosure and the equipment enclosure are separated by a gas-proof 

horizontal barrier, and all cable holes through the barrier are sealed by mastic or equal 

c) The battery enclosure and equipment enclosure are accessed separately ( e.g. via separate 

doors) 

d) The ventilation paths for the battery enclosure and the equipment enclosure are 

specifically designed to minimise the possibility of exhaust air from the battery enclosure 

entering the air inlets on the equipment enclosure. Refer to section 7 for more detail on 

ventilation requirements 

e) If the cabinet is installed within a room, the room is required to have the same ventilation 

as the cabinet (refer section 7). 

Typical combined battery and inverter or electronic enclosures are shown in AS/NZS 4509.1 

Appendix C. 

 

8 Hazard Mitigation Methods 

8.1 Electric shock 

8.1.1 Safety interlocks 

There are two main ways to ensure the safety of persons from the risk of shock. That is, to guard 

all live parts to prevent access or to implement a safety interlock to shut down the supply when a 

person opens the access point. 

In the case of batteries, the danger may be internal and so to remove the hazard, by separating 

the battery from the grid, from earth or separating the battery into DVC-A segments as 

appropriate is not practical because the very switching elements (such as contactors) may have to 

be kept well away from the batteries themselves. 

• The simplest method is to exclude unauthorised persons from the hazard. 

• In the case of authorised persons, access will be required for maintenance and testing and 

under these circumstances, it is up to the authorised person to take added precautions 

such as LV gloves and mat to conduct these operations safely. 
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• The provisions of AS/NZS 60950-1(2012) section 2.8 safety interlocks, apply in areas where 

an operator or untrained person have access. In general terms this means that if an area 

accessed by a person contains parts at voltages above DVC-A category which are 

accessible by a test finger (i.e. not covered or protected by a safe barrier) then the area 

shall have a door or cover that is interlocked to ensure that if the door or cover is opened 

the hazardous voltages are removed automatically by the operation of a safety interlock. 

Other provisions include: 

o making sure an interlock is not able to be simply disabled (AS/NZS 60950-

1(2012)section 2.8.3) 

o provisions for fail-safe operation of the interlock over long term operation 

(AS/NZS 60950-1(2012)section 2.8.4) 

o that this interlock be rated at SIL 3 (Safety and Integrity Level). 

8.1.2 Insulation Requirements  

8.1.2.1 DVC-A level  

Covering the battery terminals with insulation will usually provide sufficient 

personal protection to allow for safe maintenance by a competent person.  

Some battery systems will be supplied with inter-cell straps by the manufacturer, 

which are insulated and able to provide sufficient screening from touch. In some 

battery types, due to the cell case arrangements, the inter-cell screening may exist 

without the inter-cell straps being insulated. 

For battery types that do not provide insulation around inter-cell connections, PVC 

trunking or sleeving may be required to provide the necessary screening. 

If substantial repair or re-arrangement work is carried out on the batteries, 

additional safeguards may be required to be made to allow this work to proceed 

safely. These additional safeguards should be determined on a site-by-site basis 

when required. Where a system is altered, or added to, the addition or alteration 

shall comply with the current standards 

Exposed battery terminals, inter-cell straps and battery cabling connections shall 

be insulated and mechanically protected (e.g. by battery manufacturer supplied 

covers). 

Any cover shall be easy to remove so the battery terminals can be inspected for 

corrosion. A small hole for a voltmeter probe may be provided above each 

terminal. 

NOTE: Covers can be made from PVC conduit or ducting. (AS/NZS 4509.1, clause 

7.5.1) 
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The adequate level of screening of the live parts is required due to the ease of 

access, but the level of screening can be reduced to a modest level as the access 

to a designated battery room is able to be controlled and limited to skilled and 

trained workers only.  

8.1.2.2 DVC levels above DVC-A  

To reduce the maximum voltage able to be touched, for battery terminals with 

greater than DVC-A between them and less than 2 metres in a straight line apart, 

the battery layout should be adjusted. Alternatively, fit a fixed screen so that 

direct touching by a person’s hand span is not possible.  

The use of disconnection links in each battery string into DVC-A maximum blocks 

of cells should be provided. The disconnection links should only be removed when 

the battery overcurrent protective device has been removed and before major 

battery maintenance is being carried out.  

The battery disconnection links must be able to safely carry the maximum battery 

current or the overcurrent protective rating, whichever is the smaller. 

 

8.2 Energy 

8.2.1 Overcurrent protection 

The output conductors of a battery shall be protected against overcurrent by a fuse or circuit 

breaker in at least one output conductor.  

A battery which does not have either output conductor connected to earth shall be provided with 

a fuse or circuit-breaker in each output conductor. 

Where more than one overcurrent device is used they shall be grouped together in the one 

location. 

The overcurrent device shall: 

• be placed as close as practicable to the battery terminals 

• be rated to protect cabling in the system 

• be rated to withstand the maximum prospective fault current. Manufacturers' ratings shall 

be used. Guidance for lead-acid batteries is in AS 3011.1 clause 2.5 

• not consist of re-wireable fuses 

• where flammable emission hazards exist, be mounted a minimum of 100 mm below the 

battery terminals, or a minimum of 500 mm horizontally from the batteries, where 

mounted in the battery enclosure or room 
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Where the battery configuration includes multiple strings, each string shall be separately 

protected. This protects one string dumping current into a failed string. 

NOTE: See AS/NZS 4509.2, Figures 6, 7 and 8 regarding overload protection. 

AS 2676.2 clause 2.13 also requires an alarm if the battery is overcharged. 

8.2.2 Earthing 

8.2.2.1 DC Supply 

There are four categories of earthing arrangements for battery systems: 

• Floating/separated, i.e. not earthed and not referenced to earth (Figure 1a) 

• Direct earthed (Figure 1b) 

• Resistive earthed (Figure 1c) 

• Connected to a non-separated inverter (i.e. referenced to the grid and therefore to 

earth by the inverter’s internal connections) ( Figure 1d). 

The PCE and battery manufacturer's instructions on earthing arrangements shall be 

complied with. Examples of some possible configurations are shown in figures 1a to 1d. 
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Figure 1a. Battery connected to an inverter providing separation from the grid 

 

Figure 1b. Battery connected to an inverter providing separation from the grid with a direct 

earth connection. 

 

Figure 1c. Battery connected to an inverter providing separation from the grid with 

resistive earth connection. 
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Figure 1d. Battery connected to a non-separated inverter i.e. no separation between 

battery and the grid. (e.g. transformerless). 

 

8.2.2.2 DC Supply is floating 

If the battery is floating an insulation monitoring detection and alarm system 

should be used to detect and indicate the presence of a first earth fault. The 

insulation monitoring detection level shall be set according to the battery voltage. 

(refer AS 2676.2 clause 2.10) 

Battery Voltage V Earth fault detection level mA 

50 5 

110 10 

240 30 

 

The human heart has much higher tolerance to DC current than to AC and so a 

leakage of 30mA is very conservative (in a dry situation) but the leakage current is 

not simply a safety concern. Depending on where the DC current is passing 

through, it can quickly accelerate corrosion in pipes and structures in soil which 

are typically bonded to the earthing system and this is a cumulative effect which is 

proportional to both the level of current AND the time it flows, in other words, it is 

dependent on the ‘charge’ delivered to the pipe or structure. 

The alarm system should be installed in line with the alarm described in AS5033 

clause 3.4.3. 
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8.2.2.3 Size of earth cable 

Where battery supplies are earthed, AS/NZS 3000 Table 5.1 may be used in 

determining the minimum earthing conductor size for the earthing connection of 

the DC supply. When using this Table, the ‘nominal size of active conductor’ (first 

column) shall be taken as the size of the main battery conductor for the unearthed 

side of the DC supply. The minimum size of copper earth conductor is then 

obtained from the second column. 

8.2.2.4 Equipotential bonding 

If the battery cabinet or stand is metallic, consideration should be given to 

earthing for the purpose of protective earthing.  

If the DC supply is not earthed, there will be no earth fault currents with respect 

to batteries, inverters, charge controllers on a first fault. 

All equipment enclosures that are connected to a common DC supply, and are 

located within 2.5m of each other, shall be equipotential bonded together to 

prevent a shock hazard occurring, and to initiate earth fault alarms for any earth 

faults that occur to the rack or enclosure. 

In accordance with 9.4.1, earth alarms will be installed and so the equipotential 

bonding conductor size may be a minimum of 4mm². 

 

8.2.3 Battery cabling  

8.2.3.1 Mechanical protection and insulation 

Cables should be effectively clamped and sufficient support should be provided 

throughout the length of cables to minimise sag, and prevent undue strain from 

being imposed on the cables or on battery terminals or other parts of the 

installation. 

Cables shall not be bent through a radius less than the minimum bending radius 

specified by the cable manufacturer. 

The use of two smaller cables in parallel between two fixed points, e.g. from an 

overcurrent protective device to a battery terminal, is often more flexible than one 

large cable, and is a method of achieving the minimum strain requirement. 

The battery cabling requires adequate mechanical protection for the installed 

position external to the battery enclosure or battery stand. The use of a cable tray, 

PVC conduit or PVC trunking is able to provide the additional mechanical 

protection required. 
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Use of cabling complying with AS/NZS 5000.1 (0.6/1kV insulation) for cabling 

operating at greater than 400V DC supply and AS/NZS 5000.2 (450/750 volt 

insulation) is satisfactory for cabling operating below 400V DC supply. 

The battery cabling cross-sectional areas selected shall be able to carry the 

maximum battery current without damage to the cable insulation by overcurrent. 

If large batteries are used, the batteries will typically contain individual cells and 

must be located adjacent to each other in a row or in multiple rows so that the cell 

inter-connecting connection/straps are able to join the individual cells together to 

form a battery of the required voltage to keep the length to a minimum with the 

minimum cable length.  

8.2.3.2 Parallel battery strings  

In some cases, the designer may specify parallel batteries or parallel strings of 

cells in order to achieve the required amp-hour capacity. 

If battery systems comprise two or more strings in parallel, then the cables 

connecting the strings shall be of equal length and equal cross-sectional area to 

assist in current sharing by the parallel strings.  

The reason for this is that batteries have very low internal resistance and with a 

particular voltage applied to the paralleled strings, the current to each string will 

be set by the difference in resistance to each string.  

Note: See ‘Overcurrent’ section for specific requirements when connecting 

batteries in parallel. 

8.2.3.3 Segregation of circuits 

In addition to the requirements detailed in AS/NZS 3000, segregation shall be 

provided between DC and AC circuits to the same requirements as for segregation 

of different voltage levels in AS/NZS 3000. 

The different types of circuits shall be clearly identified (e.g. by labels or different 

coloured cables). 

8.3 Chemical 

The type of chemistry and battery size in an installation will determine the appropriate safety 

measures. For lead-acid battery systems, existing Australian Standards have specific requirements 

for matters such as bunding, trays and acid-resistant materials. 

For other battery chemistry, in the absence of relevant standards, the manufacturer's instructions 

and requirements shall be adhered to. 

Specific attention should be given to the manufacturer’s MSDS. 
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Batteries that can leak electrolyte require the battery enclosure to provide bunding if a spillage 

occurs, and to retain battery fluid within the battery enclosure for the ease of collection and for 

the prevention of the spreading of the material to adjacent areas. 

Where a battery enclosure or battery stand is made from metal components, any bare metal 

should be painted with an electrolyte resistant paint or similar material. 

8.4 Explosion/Flammable emission  

The main safety measure used to control this hazard is dilution ventilation with external air, along 

with limitations on the proximity of spark hazards. 

Some other battery types also require ventilation due to their emissions during charge or 

discharge cycles. Refer to the ‘Ventilation’ sections of this guide for more details. 

The lithium-ion family of battery types generally do not produce any gases or exhaust material 

during normal operation, but can produce flammable emissions during a battery fault event. (See 

also ‘Fire hazards’). 

8.4.1 Battery charging 

8.4.1.1 Lead-acid and nickel cells 

 

Charging lead-acid or nickel cells has a major impact on the life of the batteries. If 

not carried out correctly charging can lead to excessive gassing (which must be 

accounted for with suitable ventilation) or even irreparable damage to the cells. 

Additionally, such chemistries are less tolerant to the ambient temperature during 

charging, supporting a maximum temperature of  45°C. 

8.4.1.2 Lithium-ion cells 

Overcharging lithium-ion cells can result in thermal runaway and catastrophic 

destruction. If the cells are over discharged, this can also lead to irreversible 

reactions within the cell. In all batteries it is important to follow the 

manufacturer’s recommendations on charging. However, with lithium batteries it 

is a further requirement that the charging system is specifically endorsed by the 

manufacturer and all associated systems, e.g. temperature sensing, are in place 

and operational. 

 

A battery management system should cater for each individual cell rather than a 

battery of cells as in many other technologies. 

8.4.1.3 Other battery chemistries 

Where the battery chemistry does not fall into the above categories, the 

manufacturer’s instructions shall be followed. 
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8.4.2 Exclusion zones 

Where flammable emissions exist, a minimum horizontal separation of 500 mm shall be provided 

between the battery and all other equipment from 100 mm below battery terminals, except 

where there is a solid separation barrier.  

  
See Appendix A  

 

8.4.3 Socket outlets 

Where flammable emissions exist, socket outlets shall not be installed in the battery enclosure. 

Where the battery enclosure is a fenced-off area in a larger room (rather than a dedicated battery 

enclosure), all socket outlets in the remainder of the room shall comply with the following: 

• Be located at least 1800 mm from the battery enclosure. 

• For all socket outlets installed within 5 m of the battery enclosure, the outlet shall be a 

minimum of 100 mm below the top of the battery or any battery vent. 

• For technologies other than lead-acid or nickel cells, the above is recommended in the 

absence of manufacturer’s instructions 

8.4.4 Ventilation 

8.4.4.1 Shields and Barriers 

Where flammable emissions exist,  ventilation of the battery installation shall 

comply with the requirements of AS 4086.2, except as varied herein. 

NOTE: Examples of acceptable arrangements of battery equipment and ventilation 

are shown in AS/NZS 4509.1 Appendix C. 

A minimum horizontal separation of 500 mm shall be provided between the 

battery and all other equipment from 100 mm below battery terminals except 

where there is a solid separation barrier. 

500mm horizontal 

separation above the 

battery 

100mm below the 

battery terminals 

Restricted Zone 
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If a battery is separately enclosed in a battery box, with no other equipment 

installed in the box, there is no need for 500 mm clearance from the battery to the 

walls of the battery box. 

No equipment shall be placed above the batteries or battery enclosure except for 

non-metallic battery maintenance equipment. 

A purpose-built equipment enclosure may be installed above a purpose-built 

battery enclosure where all of the following apply: 

a) A sealed (valve regulated) battery is installed in the battery enclosure 

b) A gas proof horizontal barrier is in place between the battery enclosure and 

the equipment enclosure 

c) The battery and equipment enclosures are accessed separately (e.g. via 

separate doors) 

d) The ventilation paths for the battery enclosure and the equipment enclosure 

are specifically designed to minimise the possibility of air exhausted from the 

battery enclosure entering the air inlets on the equipment enclosure. 

8.4.4.2 Battery chemistry other than lead-acid and nickel 

For battery chemistry types other than lead-acid or nickel, the manufacturer’s 

instructions on ventilation requirements shall be adhered to. 

Note that some lithium-ion systems may require a specific amount of ventilation.  

Note, however,that this may not be for the purposes of mitigating the flammable 

emission/explosion hazard risk.  

8.4.4.3 Flooded and sealed lead-acid and nickel cells 

All types of lead-acid cells generate some hydrogen and oxygen gases during 

charging – both flooded electrolyte and valve regulated (sealed) cells. The major 

release of hydrogen gas occurs after a cell has achieved 95 per cent of charge, or 

during any boost charging or overcharging of the battery. Nickel may also produce 

hydrogen. 

Therefore, ventilation to/from outside air is required for all enclosures for lead 

acid and nickel cells. 

8.4.4.4 Rate of ventilation  

Where flammable emission hazards exist, AS 3011.1 requires that the average 

hydrogen concentration by volume in a battery room or enclosure be maintained 

below 2 per cent. The minimum exhaust ventilation rate required to maintain 

hydrogen concentration below 2 per cent is calculated by the following equation: 

qv = 0.006nI     
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Where: 

• qv = the minimum exhaust ventilation rate, in litres per second 

• n = the number of battery cells 

• I = the charging rate, in amperes  

If there is more than one battery in a room or enclosure then the total exhaust ventilation 

rate is the sum of the rates of all the batteries. 

The charging rate (I) in the equation is the maximum output rating of the charger or the 

rating of its output fuse or circuit-breaker. 

8.4.4.5 Method of ventilation 

Where flammable emission hazards exist, the following considerations shall apply. 

8.4.4.5.1 General  

Wherever possible, natural ventilation should be used for battery rooms and 

enclosures because of the fault potential of mechanical ventilation. 

8.4.4.5.2 Natural ventilation  

If natural ventilation is used, the minimum size of inlet and outlet apertures is 

determined from the following equation: 

A = 100qv    

Where: 

• A = the minimum area of the apertures, in square centimetres 

• qv = the minimum exhaust ventilation rate, in litres per second  

With natural ventilation, an air velocity of at least 0.1 m/s is assumed to flow 

through the apertures. 

8.4.4.5.3 Mechanical ventilation 

Where mechanical ventilation is used and corrosive gasses are present, it shall be 

on the air inlet only, to prevent fan damage from battery acid fumes. An air flow 

sensor shall also be installed, to activate an alarm in the event of a fan failure.   

Fans with non-sparking construction should be used. 

Note that natural ventilation is preferable to mechanical ventilation. 

8.4.4.6 Arrangement of ventilation  

The following applies to the arrangement and layout of the ventilation system: 

a) Battery rooms and enclosures shall be provided with ventilation by means of holes, 

grilles or vents so that air sweeps across the battery. To avoid stratification of the 

airflow, it is recommended that ventilation inlets and outlets consist of — 
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i. a number of holes spaced evenly along the side of the room or enclosure; 

or 

ii. a slot running along the side of the room or enclosure. 

b) Ventilation outlets should be at the highest level in the battery enclosure. 

c) Ventilation inlets should be at a low level in the battery enclosures. Inlets should be no 

higher than the tops of the battery cells, and, where required, fitted with a coarse 

screen to prevent the entry of vermin. 

d) Inlet and outlet vents shall be on laterally opposite sides of the enclosure unless 

installed on the same side with an internal sloping roof as shown in diagram C4 of 

AS/NZS4509.1 

 
 

8.5 Fire 

The build-up of heat in the battery can occur due to overcharging or over-voltage. The risk is 

typically managed by several types of control measures including: 

• Internal safety devices in the battery itself (such as thermal interrupts, over-pressure vents, 

temperature sensors, battery management systems, etc). 

• Cooling measures, including passive and active ventilation. Battery enclosures must be 

installed so that ventilation can operate as designed. 

Lithium iron phosphate (LiFePo) cells are inherently more stable than other lithium types due to 

the materials used in the cathode. They are more difficult to ignite through mishandling, although 

some risk is still present.  Note that other lithium ion chemistries exist. 

Using the manufacturer’s data, the installer shall determine the correct response to a fire either 

initiated by the battery or an external source which may pose a hazard to the battery. Either as 

part of the installation process or by formal agreement with the owner, a suitable fire response 

must be provided adjacent to the battery with simple operating directions in the event of a fire. 
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8.6 Gravitational 

8.6.1 Physical housing and mechanical requirements of enclosures 

Refer to section ‘6.7 Method of Housing’ for battery accommodation requirements. 

8.6.2 Seismic earthquake 

The combined weight of the battery, inverter or other electronic equipment should be such that 

the enclosure is designed and able to withstand the seismic (earthquake) forces.  

When large cells are used, the provision of a suitable level of seismic (earthquake) restraint is 

essential, to prevent cell case damage to the maximum extent possible and leakage of the battery 

electrolyte.  

Requirements for the level of seismic restraint in Australia for battery enclosures and associated 

equipment are contained in AS 1170.4. In New Zealand, where a higher level of seismic restraint is 

required, the requirements are contained in NZS 4219. 

The requirements for seismic restraint also mean that large batteries should be installed as close 

as possible to the floor. Use of multi-tier battery stands or enclosures increases the seismic 

restraint required for the upper tier(s) of batteries, and in turn, increases the size of the vertical 

components and diagonal parts of the battery stand. In general, multi-tier battery standards will 

require the use of metal framing systems to achieve the level of seismic restraint required in most 

installations. 

When a high level of seismic (earthquake) restraint is required, the battery stand(s) can be a very 

substantial and mechanically robust structure, which reduces the ease of access for installation 

and servicing of batteries. 

For battery installations in the above locations, certification from a structural engineer may be 

required confirming that the building structure is not being overloaded and is able to withstand 

the seismic forces that would be applied. 

 

9 Safety Signage 

The following requirements apply to all battery chemistries including all-in-one systems. 

9.1 Sign requirements 

Safety signs should be designed and constructed to comply with AS 1319 and should be 

permanently displayed in prominent positions.  Note that applicable safety signage should be 

selected based on identified hazards. 

(a) Restricted access  

These signs should bring the following points to the attention of personnel: 
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(i) The dangers of an open flame and smoking. [Refer to Appendix C – Examples of typical signs] 

(ii) That battery housing is restricted to authorised personnel 

(iii) That protective clothing must be worn 

(b) Battery voltage and short circuit current. 

Suitable warning notices indicating the battery voltage and prospective short-circuit current of the 

installation should be displayed.   

(c) Emergency related information signs  

These signs should give instructions for dealing with electrolyte burns and fire procedures. 

(d) Shutdown procedure 

The shutdown procedure for each installation shall be clearly described on a sign complying with 

Clause 2.3 of AS/NZS 4509.1. 

The shutdown procedure sign shall be displayed prominently in the equipment area, and may 

include photographs. The sign shall include instructions in English covering the complete 

shutdown procedure, including (but not limited to) the following: 

a) Isolation of the battery bank, by disconnecting battery fuses or opening battery circuit 

breakers. 

b) Isolation of generating set, and prevention of operation by automatic or remote start. 

c) Isolation of each renewable energy input. 

d) Location of each renewable energy input. 

NOTE: For small systems (e.g. solar street lights), a simple sign inside the equipment enclosure 

covering the procedures above is sufficient. 

(e) Explosion and electrolyte burns 

(f) [WARNING: SPARK HAZARD] Follow shutdown procedure before connecting or disconnecting 

any equipment. 

(g) Battery chemistry type  

A reflective sign with the letters “ES” shall be installed adjacent to the meter box and main 

switchboard.  This sign shall also include battery chemistry type. 

Refer to Appendix C – Examples of typical signs. 

 

9.2 Sign locations 

The safety signs described above should be displayed in the following locations: 
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1. Regulatory and caution signs: On every door giving access to a battery room or enclosure, and 

in a prominent position on a wall within a battery room. 

2. Emergency related information signs: In a prominent position within a battery room, and on 

the inside of the door on a battery enclosure. 

 

10 Commissioning 

10.1 Installation checklist 

Upon system installation completion, installers should complete Appendix D – Typical 

Commissioning Checklist. 

10.2 Inter-cell connections 

Where the installer has installed inter-cell connections, before testing or commissioning the 

system, bolted terminal connections to batteries shall be checked to ensure they are tightened to 

the specified torque settings with the aid of a suitable torque wrench. Attention is also drawn to 

the manufacturer’s instructions. For example, once tightened, the system may not be able to be 

un-bolted unless new bolts are used and again torqued to the manufacturer’s specifications.  

When the system is charging, the voltage drop across the inter-cell connection should be 

measured with a voltmeter capable of accurately measuring 1mV. The voltage drop should not be 

more than 5mV, at a current equal to the 10 hour rate of the battery (refer AS 4086.2 F5) 

10.3 Initial charge 

Where applicable, follow manufacturer’s recommend on voltage, current, and timing 

requirements for the initial charge of the battery bank. 

See 4086.2 for more information regarding traditional chemistries: 

APPENDIX C initial charging and commissioning of vented lead-acid batteries 

APPENDIX F initial charging and commissioning of valve-regulated lead-acid batteries 

APPENDIX D initial charging and commissioning of vented nickel-cadmium alkaline 

batteries 

APPENDIX E initial charging and commissioning of valve-regulated nickel-cadmium 

batteries 

11 Maintenance 

Maintenance should be conducted in accordance with Section 6.4 of AS 2676.1 and Section 6.4 of 

AS 2676.2. This includes routine maintenance, level of float voltage, cell voltage and cycling.  

Where the battery chemistry is not relevant, refer to the manufacturer’s instructions. 
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A site maintenance record should be implemented in line with Appendix E – Battery Maintenance 

Log Book for relevant chemistries. 

12 Documentation 

A recommended document for installation is given in Appendix D – Typical Commissioning 

Checklist which should be completed and submitted to the owner. 

Data obtained from receipt, storage and assembly are pertinent to the maintenance and 

operational life of the battery. The data, which should be dated, recorded and maintained in a 

suitable permanent file, should include the following in line with AS2676.2: 

a) Receiving inspection data and conditions of charge (see Clause 5.5.1). 

b) Initial resistance values of the inter-cell connections (see Clause 5.5.2). 

c) Performance test data (see Clause 5.5.3). 

 

An MSDS for all battery chemistries shall be submitted to the system owner. 

NOTE: Appendix E – Battery Maintenance Log Book gives an example of a typical report sheet. 
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13 Appendices 

13.1 Appendix A – Equipment layout 

 
 

Refer to Section 8.4.2 Exclusion zones 
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13.2 Appendix B – Worked example of Ventilation Sizing 

Ventilation Rate in litres/second: 

Qv = 0.006nl  

Where 

qv = the minimum exhaust ventilation rate, in litres per second 

n = the number of battery cells 

I = the charging rate, in amperes  

 

For example a 48V battery bank made up of 24 Sonnenschein A602/625 Solar Batteries 

Therefore n=24 

Charging specification from the manual are: 

 

 
Charge current = 10 - 35A per 100Ah at C10. This is equal to 456 from the above spec sheet. 

Therefore charge current is between 45.6A (10 X 4.56) and 159.6A (35 X 4.56) 

Using the worst case: 

Qv = 0.006 X 24 X 159.6 

Qv = 22.9824 l/s, round up 23l/s 

 

Size of the aperture: 

Aperture Size = A cm² = 100 * qv = 2,300cm² = say 1m x 230mm as per AS2676.2 Eqn 3.3.4.2(1) 

For Vented Cells Refer to AS2676.1 

 

Refer to Section 8.4.4 Ventilation 
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Appendix C – Examples of typical signs 
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13.3 Appendix D – Typical Commissioning Checklist 

 

All batteries are installed in a battery enclosure, room or fenced-off area which is: 

• mechanically sound 

• suitable for the local environmental conditions 

• designed to prevent the formation of ‘gas pockets’ 

• in a domestic dwelling not in a habitable room (as defined by the National 

Construction Code 2015) 

• not in direct contact with the floor of the enclosure or room 

 

 

 

☐ 

The storage system is installed in such a way that it is NOT exposed to direct sunlight at any 

time, or partially exposed (which would create temperature differentials across the batteries) 

or it is rated by the manufacturer for the installed conditions 

☐ 

All battery terminations and interconnect cable connections have been checked for tightness ☐ 

All electrical cables, isolators and fuses are correctly rated and sized for operating and fault 

conditions 
☐ 

There are no exposed electrically ‘live’ parts on any installed equipment ☐ 

All battery cell interconnects and terminals are covered and protected against accidental 

short circuit 
☐ 

All ‘live’ cables have been tested for electrical leakage to earth ☐ 

Electrical wiring is routed so as to be protected from any physical damage or mechanical 

stress and exposure that could cause corrosion 
☐ 

Installation activities have not caused any damage to any cable insulation ☐ 

All electrical wiring has been installed in accordance with AS/NZ 3000, and equipment is 

certified correctly for Australian use 
☐ 

Unearthed conductors in battery banks (including multiple strings) are protected by 

overcurrent circuit breakers or fuses 
☐ 

Battery banks have a means of isolation. Such isolation has been checked and tested ☐ 

Battery storage warning signs (i.e. ‘DANGER – Risk of battery explosion’ and ‘DANGER – 

Harmful voltage’) are permanently fixed outside the battery room, enclosure or area in a 

prominent position, and are appropriate for the battery chemistry type 

☐ 

All other appropriate signage is displayed; for example, shut down procedure, emergency 

contact details, emergency response procedures, maintenance and operation procedures, 

‘Warning – Spark hazard’, ‘electrolyte burns’, battery voltage and short circuit fault current 

warning 

☐ 

Voltage, current and power throughput have been verified and are within the design 

specification for intended use and load profile 
☐ 

Metering is installed to monitor the battery voltage ☐ 

Visual and audio alarms and warning notifications have been tested correctly ☐ 

A tailored fire response, including, if necessary, a fire extinguisher has been installed adjacent 

to the batteries along with a sign detailing the actions to be taken in the event of a fire 
☐ 

All commissioning tests and results have been documented ☐ 

Material Safety Data Sheet (MSDS) has been provided to the system owner ☐ 
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Lead-acid specific 

All crimp lugs have been fitted using an appropriate tool ☐ 

Batteries are installed on a timber or other suitable platform (to reduce short circuit risk and 

hazardous gas production if a battery were to leak acid) 
☐ 

The clearance and ventilation of equipment and arc-producing devices is in accordance with 

manufacturer’s installation guidelines or relevant standards, including AS4086.2 and 

AS4509.2 

☐ 

The enclosure is constructed of corrosive-resistant materials ☐ 

Personal protective equipment and electrolyte containment is provided, including spill kit, 

eye protection, gloves and eye wash water 
☐ 

 

 

Lithium-ion specific 

Platform and enclosure is constructed of aluminium or steel (to minimise risk of fire) ☐ 

Batteries are in a sealable enclosure with pressure activated venting, ducted to the open 

atmosphere away from living spaces or areas occupied by people and animals (see habitable 

rooms in ‘all batteries’, above) 

☐ 

Enclosure base is sealed from the atmosphere ☐ 

Battery management system has been verified as operating correctly, including logging data ☐ 

 

 

Documentation 

All documentation relevant to a system installation shall be provided to the customer 

and kept on-site for use by maintenance personnel 

A system user manual that includes a short description of the function and operation of 

installed equipment 
☐ 

A system performance estimate ☐ 

A list of supplied equipment ☐ 

A list of any alarms installed and the action required ☐ 

Equipment manufacturers’ documentation and handbooks for all equipment supplied ☐ 

Equipment and workmanship warranties ☐ 

A copy of the shutdown procedure and any electrical safety warnings ☐ 

Maintenance procedure(s) and schedule timetable ☐ 

Battery maintenance record logbook. (See Appendix E – Battery Maintenance Log Book) ☐ 

Commissioning records and this checklist for the installation ☐ 

Record of installation personnel details ☐ 

Manufacturer’s warranty information ☐ 

System electrical wiring connection diagram ☐ 

Customer verbally instructed on managing their storage system and provided with all of the 

above documentation 
☐ 

 

Source: CSIRO ‘Energy Storage Safety – Responsible installation, use and disposal of domestic and 

small commercial systems’ report, produced for the CEC 
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13.4 Appendix E – Battery Maintenance Log Book 

 

 


